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by 


ANDREW L. A. JOHNSON” 


with 213 text figures, 11 plates, 
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ANBSIERFI ET 


This work deals systematically with all the pectinids and 
propeamussüds that occur in the Jurassic of Europe apart 
from the genus Weyla and a suite of distinctive species largely 
confined to the Tithonian of Alpine and southern Europe. By 
applying a species concept in which all members of an evolv- 
ing lineage are accorded the same specific name, 34 species are 
recognised (3 in the genus Propeamussium, 3 in the genus En- 
tolium, 4 in the genus Pseudopecten, 5 in the genus Spon- 
dylopecten, 6 in the genus Camptonectes, 3 in the genus 
Eopecten, 3 in the genus Chlamys and 7 in the genus 
Radulopecten). Each species is described, with the aid of 
biometric information, and its taxonomy is discussed in de- 
tail. Following this, stratigraphic and geographic range is de- 


scribed, the latter with the aid of maps (including pre-drift re- 
constructions for extra-European distribution). Sedimentary 
and faunal associations are set out and from this information 
an attempt is made to reconstruct palaeosynecology. Mode of 
life isinferred both by means of drawing analogies with living, 
morphologically similar species and through comparison 
with sets of morphological “paradigms” deduced for the varı- 
ous modes of life of scallops. In the section introducing the 
“paradigms” special attention is given to the likely function of 
shell plication. A concluding section for each species discusses 
origins and the rate and possible genetic basıs of any phyletic 
changes. 


KÜURZEASSUNG 


Alle Pectiniden und Propeamussiiden, die im europäischen 
Jura vorkommen, werden in diesem Werk systematisch be- 
handelt, abgesehen von einer Reihe besonderer Arten, die 
hauptsächlich im Tithon des alpinen und südeuropäischen 
Raumes vorkommen. Durch Verwendung eines Artbegriffes, 
wobei alle Mitglieder einer Abstammung als eine Art betrach- 
tet werden, können 34 Arten anerkannt werden (3 ın der 
Gattung Propeamussinm, 3 in der Gattung Entolium, 4 in der 
Gattung Psendopecten, 5 in der Gattung Spondylopecten, 6 in 
der Gattung Camptonectes, 3 in der Gattung Eopecten, 3 ın 
der Gattung Chlamys, 7 in der Gattung Radulopecten). Jede 
Art wird beschrieben (mit Hilfe biometrischer Daten), und 
taxonomische Fragen werden gründlich diskutiert. Danach 
werden die stratigraphische und geographische Verbreitung 


diskutiert, im letzten Fall mit Hilfe von Karten (einschließlich 
paläokontinentaler Zusammenstellungen für Daten außer- 
halb Europas). Sedimentologische und faunistische Bezie- 
hungen werden beschrieben, worauf versucht wird, ein Bild 
der Paläosynökologie zusammenzustellen. Auf die Lebens- 
weise wird nicht nur durch Analogie mit lebenden, morpho- 
logisch ähnlichen Formen geschlossen, sondern auch durch 
einen Vergleich mit „‚Paradigmen“, die für jede der verschie- 
denen Lebensweisen bei Kammuscheln abgeleitet werden. In 
der Entwicklung von ‚Paradigmen“ wird die Rolle der Be- 
rippung bei Kammuscheln besonders berücksichtigt. Für jede 
Art wird in einem zusammenfassenden Abschnitt der Ur- 
sprung, die Geschwindigkeit und die vermutliche genetische 
Basis für phyletische Veränderungen diskutiert. 


* Dr. Andrew L. A. JOHNSON, University of Leicester, Department of Geology, University Road, Leicester, LEI 7RH, England. 
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Appendix I — Species described from the European Jurassic but not discussed in the systematic 


SECHONIONEHISSW OL ee 


IE EN TRODUETTON 


The present work is in essence a somewhat condensed ver- 
sion of the author’s doctoral thesis “The palaeobiology of the 
bivalve family Pectinidae in the Jurassic of Europe’ (JOHNsoN, 
1980). The Propeamussiidae were also included in the latter 
work, the word Pectinidae being interpreted sensu lato to 
mean all scallops. The original research was undertaken with a 
view to providing data for the then nascent debate over the 
tempo and mode of evolution (review in GouLD and Er- 
DREDGE, 1977) and it is hoped to discuss the evolutionary im- 
plications of the data presented herein in a future publication. 


In the course of the research the author undertook exten- 
sive field work in England (supplemented by studies in France 
and Germany) and examined museum material preserved in 
some 18 institutions spread through England, France and 
Germany. To all those who helped by making collections 
available for study and to the many others who assisted in the 
research (financed from the Burdett-Coutts Fund, University 
of Oxford) grateful thanks are offered. A full list of acknowl- 
edgements is presented ın the author’s thesis. Latterly, Mrs. 
V. Jenkins has been of the greatest assistance in typing correc- 
tions to the final draught of the manuscript. 


The original study was succeeded by an investigation of the 
Upper Triassic and Lower Jurassic bivalves of alpıne Europe. 
Relevant information from the latter research, financed by the 
Alexander-von-Humboldt-Stiftung and carried out at the 
Universitäts-Instutut für Paläontologie und historische 
Geologie, München (where the author’s collection is now 
housed), has been incorporated herein. 


It proved impossible to gain more than a very superficial 
picture of the palaeobiology of a suite of distinctive species 
largely confined to the Tithonian of southern and alpine 
Europe. These species (for which D’Orsıcnv’s (1850) name 
Pecten Insularum, GEMmMELLARO and Dı Bıasr’s (1874) names 
P. nebrodensis, P. oppeli, 
P. polyzonites, P. acrorysus, P. poecılographus, P. zitteli and 
P. grammoproticus, BoEHM’s (1883) names P. clare rugatus 
and P. frandator and BıascHke’s (1911) name P. polycyclus 


P. biliemensis, P. siculus, 


are available) are excluded from formal treatment herein. The 
genus Weyla, which occurs in Europe but is far more abun- 
dant in the Americas (DAMBORENEA and MANCENIDO, 1979) is 
also excluded. Data on the extra-European distribution of the 
formally analysed species has however been included in order 
to present a more complete picture of the palaeobiology of 
these species. 


Mode of life was judged in some cases by drawing analogies 
with living, morphologically similar forms. However, in an 
attempt to introduce more rigour into the analysıs, a variant 
of the ‘paradigm’ approach (Runwick, 1964) was also emp- 
loyed. The methodology here is comparison of the given shell 
morphology with sets of ideal dimensions and qualities (the 
paradigms — presented in Part II) devised for the various 
modes of life. 


SPECIES CONCEPT 


If significant morphological evolution occurs in some frac- 
tion of a species’ total population or if it occurs throughout a 
species’ total population in two or more different directions 
we have speciation, in the multiplicative sense of the word. 
Significant morphological evolution in the same direction 
throughout a species’ total population (phyletic evolution) is 
speciation in the non-multiplicative sense of the word. A 
number of notable modern authors (e. g. Gouıp and Eı- 
DREDGE, 1977: 119; STANnLEY, 1978: 27, 28) have restricted 
their use of the term speciation to the multiplicative process in 
order to simplify discussion of the relative importance of this 
and the non-multiplicative mode of evolution. Since such dis- 
cussion was one ofthe author’s research objectives (see above) 
the ‘modern’ approach has been followed herein. It has the ef- 
fect that separate specific names can only be applied to the 
separate branches emanating from a branching point in a 
phylogenetic tree (i. e. the branches themselves cannot be 
subdivided into separate species even if they signify consider- 
able phyletic evolution). Whether all of the two or more 
descendant branches should be accorded different specific 
names must be decided by whether they can all be thought of 
as constituting fresh branches. This in turn must be decided 
by the mode of arrangement of the branches in the case in 
question. Four basic configurations can be envisaged (text 
fig. 1). In a) and b) it is clear that both D, and D, should be ac- 
corded a different specific name to A while in c) it is corres- 
pondingly clear that D, must be accorded the same specific 
name as A. The latter is also the most logical solution to d) al- 
though it is less easy to perceive D, and A as parts of the same 
branch. In practice, of course, only segments of the branches 
of aphylogenetic tree are known. Where such segments over- 
lap temporally it is clear that they must be accorded separate 
specific names. In the case of stratigraphically separated but 
obviously related segments one can only guess whether they 
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Text fig. 1: Thefour basic potential branch configurations about a 
simple bifurcation in a phylogenetic tree. 


constitute parts of the same branch and should therefore be 
accorded the same specific name, or whether they constitute 
parts of different branches and should therefore be accorded 
separate specific names. Thus in such cases application of the 
‘modern’ species concept defeats the object for which it was 
originally introduced, that of clearly differentiating multi- 
plicative from non-multiplicative processes of evolution. If 
such cases are common one might just as well employ a ‘tradi- 
tional’ species concept. The author came across relatively few 
instances where an arbitrary decision had to be made and 
therefore feels justified in having employed the ‘modern’ con- 
cept. 
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Text fig. 2: Simplified interior view of the right valve of the extant 
pectinid Gloripallium pallium; 1. v. = left valve (adapted from WAL- 
LER, 1972b: 228). 
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Text fig. 3: Simplified anterior view of the extant pectinid Argo- 
pecten purpuratus (adapted from WALLER, 1969: 9). 


GENERAL FEATURES AND DESCRIPTIVE 
TERMINOLOGY 


Text figs. 2 and 3 ıllustrate major features of typical pec- 
tinids and serve to introduce most of the potentially unfamil- 
iar morphological terms employed herein. A few of the terms 
appear to have been invented by WALLer (1969) but most have 
a long history of usage. Orientation is conventional rather 
than anatomical with an imaginary line meeting the outer lıg- 
ament perpendicularly at the resilium marking the boundary 
between the anterior and posterior shell sectors and an imagi- 
nary line perpendicular to the latter halfway between the re- 
sılium and the ventral margin marking the boundary between 
the dorsal and ventral shell sectors. 

The outline of the left disc ıs almost always a mirror image 
of the right. The auricles of the left valve are, however, never 
extended more than fractionally dorsal of the outer ligament 
insertion (at least in post-Palaeozoic forms) while those of the 
right valve are usually at least noticeably (sometimes very 
markedly) extended beyond the outer ligament insertion. The 
base of the anterior aurıcle of the left valve is, moreover, 
rarely excavated to the same extent as that of the right valve. 


The terms byssal notch and byssal sinus, referring respec- 
tively to excavations at the bases of the right and left anterior 
auricles, derive from the fact that the byssus (if any) is ex- 
tended out of the shell (via the comb-Jlike structure known as 
the ctenolium) in the area immediately ventral to the anterior 
auricles. 

The terms equivalve/inequivalve and equilateral/inequilat- 
eral are used herein only with reference to that great majority 
of the shell constituted by the discs. Practically all scallops 
(1. e. pectinids and propeamussiids) have to be regarded as in- 
equivalve and inequilateral if the auricles are included into 
consideration (see above). 


Most of the terms such as lamellae, spines, tubercles used 
herein to describe ornament need no clarification. A few 
words are however called for in connection with the terms 
plicae, costae, striae and sulci. The term plicae is applied to 
radial corrugations affecting the entire thickness of the shell at 
the ventral margin. All other forms of radial ornament are 
termed costae except where very fine (relief less than about 
0.1 mm), in which case the term striae is used. Sulcı are the 
troughs between plicae and costae. 


The terms original and initial are applied to the first formed 
or primary plicae, costae or striae in species which have sec- 


ondary plicae, costae or striae (as a result either of intercala- 
tion or splitting). The term original is used where the first 
formed plicae, costae or striae in fact appear at the start of 
post-larval ontogeny and the term initial is used where the 
first-formed plicae, costae or striae appear somewhat later. 
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Text fig. 4: General dimensions measured in this study: 1. In the 
plane of commissure (based on the specimen illustrated in text fig. 2; 
all parameters apart from N are also measurable in the left valve). 


Text fig. 5: General dimensions measured in this study: 2. Per- 
pendicular to the plane of commissure (based on the specimen illu- 
strated in text fig. 3). 


Text fig. 6: Special dimensions: measurable only in Propeamuss- 
ium (P.) laeviradiatum and species of Entolium (based on a general- 
ised Entolium right valve umbonal region, seen from the inside). 


MORPHOMETRY AND METHODS OF 
COMPARISON 


In an attempt to make the study more rigorous it was de- 
cided to back up the tried and tested ‘eyeball’ method of com- 
parison with quantitative methods. To this end some 4000 
specimens, representing perhaps half of the total numer ex- 
amined, were measured in up to 15 parameters (usually about 
6 or 7). Non-ornamental parameters are illustrated, together 
with the abbreviated names given to them for the purposes of 
easy graphing, in text-figs. 4-6. Their full names are listed in 
Table 1 together with clarificatory notes where necessary. All 
linear dimensions are measured either perpendicular or paral- 
lel to the hinge line. Ornamental parameters measured, where 
possible, include the number of plicae (PL), the number of ex- 
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ternal costae (EC) and the number of internal costae (IC). 
These need to clarification except in so far as it is necessary to 
say that folds merging into the disk flanks were not counted as 
plicae. 


Linear dimensions were measured with vernier callipers. In 
equivalve species the parameter C was in some cases ascer- 
tained by measuring the convexity of a single valve and then 
doubling. The parameter UA was measured with a contact 
goniometer. It is technically rather difficult to measure UA 
accurately with a contact goniometer in species where the 
umbo projects beyond the hinge line and in small specimens 
of all species. In the latter case ‘measuring error’ is probably 
random but in the former it ıs likely that the actual values are 
systematically underestimated, the tendency to underestim- 
ate probably increasing with increasing umbonal projec- 
tion. Measuring error is otherwise probably between 1 and 2° 
for UA and about 0.2 mm for linear measurements. 


Analysis of the quantitative data was restricted to the plot- 
ting of bivariate graphs and histograms. 


PRESENTATION OF RESU en 


A standard systematic format has been used. No attempt at 
a complete revision of the supra-specific classification has 
been made since for many groups this would require a consid- 
erable knowledge of forms occurring outside the Jurassic. At 
the generic level the author has followed the classification of 
the Treatise on Invertebrate Paleontology (Herr- 
LEIN, 1969) except where this is plainly inadequate. Classifica- 
tion at the familial level follows WarLer’s (1978) recent 
thoroughgoing reappraisal of the Pteriomorphia. 


The abbreviations M, OD and SD after citations of type 
species (and specimens) mean, respectively, type species by 
monotypy, type species by original designation and type 
species by subsequent designation. 


The layout of the analysis for each species is largely self- 
explanatory. The attempt to determine mode of life by means 
of comparison with the paradigms devised in Part II is 
presented in Section 9 (Functional morphology) together with 
discussion of the function of particular shell features (partly 
drawing on the reasoning presented in the qualificatory 
section of Part II) and of other related topics. 


In the synonymy lists the author has employed a modified 
version (presented below) of MarrHrws’ (1973) system for in- 
dicating degree of certainty and status of each reference. Al- 
though it seems complex the system is easily understood and 
appreciated in practice. 


Where the specimens corresponding to the cited reference 
have been seen by the author or where the cited reference in- 
cludes a description or illustration, the date of the reference is 
printed in normal type. The symbol v to the left of the date 
means that the author has seen the specimens corresponding 
to the cited reference. The superscript * signifies that the 
specimens are types of the cited species. The symbols v and v* 
may be preceded by the symbols ? and p (pars) implyıng, in 
the first case, that certain specimens seen by the author may 
correspond to those which are the subject of the cited refer- 
ence, and in the second case, that the author has seen only 
some of the specimens corresponding to the cited reference. 
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anterior hinge length; the length of the anterior auricle measured at the hinge line 


anterior half length; the perpendicular distance between a line at right angles to 
the hinge line touching the shell at ıts most anteriorly situated point and the most 


convexity (measured between the crests of plicae/costae (where present) on the 


height; the maximum distance from the hinge line to the ventral margin measured 


intersinal distance; the distance between the deepest point in the byssal notch or 
sinus (the most ventrally situated point in the disc/auricle suture in Entolium (E.) 
corneolum and E. (E.) orbiculare) and the posterior margin measured in a 


length; the perpendicular distance between two lines at right angles to the hinge 
line and tangential to the most anteriorly and posteriorly situated points on the 


depth of the byssal notch; the perpendicular distance between two lines at right 
angles to the hinge line and tangential to the shell at the most anteriorly situated 
point on the anterior auricle of the right valve and the deepest point in the byssal 
notch (the depth of the byssal sinus (left valve) was not measured in this study). 


posterior hinge length; the length of the anterior auricle measured at the hinge 


posterior half length; the perpendicular distance between a line at right angles 
to the hinge line touching the shell at its most posteriorly situated point and the 


Table 1: Non-ornamental parameters measured in this study (see text figs 4-6). 
AH 
(1. e. just ventral of the outer ligament). 
AHL 
ventrally situated point on the shell (not graphed for any species). 
AL separation of the auricular apices. 
(E 
right and left valves). 
H 
in a direction perpendicular to the hinge line. 
HAA height of the anterior auricle; the total height of the anterior auricle. 
HAAD height of the anterior auricle dorsal of the hinge line. 
I 
direction parallel to the hinge line. 
TE 
shell. 
N 
PH 
line (1. e. just ventral of the outer ligament). 
BEIE 
most ventrally situated point on the shell (not graphed for any species). 
UA 


umbonal angle; the angle between two lines tangential to the dorsal ‘shoulders’ 


of the disc and meeting at the apex of the umbo. 


The symbols v and v* may be followed by no symbol at all 
or by the symbols p, non, ?, (?) and ?p. Lack of a symbol im- 
plies that the specimens corresponding to the cited reference 
are considered to be within the author’s hypodigm for the 
species under discussion (as described in the relevant Sec- 
tion 3). The symbols p and non imply, respectively, that 
some and none of the specimens are considered to be within 
the author’s hypodigm while? implies that the specimens may 
be within the author’s hypodigm. The symbol (?) implies less 
uncertainty than?. The symbol ?p has an obvious connota- 
tion. ‘No symbol’, p, non, ?, (?) and ?p need not, of course, 
necessarily be preceded by v or v*. 


Where a species is referred to only in an unillustrated faunal 
list and the corresponding material has not been seen by the 
author, the date of the reference is printed in italics. It is quite 
possible in some such cases to be practically certain of the af- 
finities of the specimens (e. g. if the fauna of the horizon of 
derivation is well known from other sources) so such refer- 
ences are not preceded by a qualifying symbol, the ıtalics be- 
ing understood to convey the slight level of uncertainty. It is 
clear that? and (?) are the only symbols that may precede a 
date in italics. 

The bivariate graphs are intended to illustrate the variation 
and, as far as this can be done with ‘static’ plots (Cock, 1966), 


the ontogeny of the various shell dimensions. A minimum re- 
quirement of 7-10 points was set for the inclusion of such 
graphs. Where they differ between the valves, right and left 
values vor any given parameter are separated and denoted by 
addition of the letter Ror L as a subscript to the abbreviated 
name of the parameter. (Although there is no difference be- 
tween the valves, right and left valve values for the intersinal 
distance in Entolium (E.) corneolum are plotted separately 
for the purposes of comparison with E. (E.) lunare.) Num- 
bers in the graphs refer to points immediately above and to the 
left of them and correspond to numbers in the text accom- 
panying citations of certain important (usually type) speci- 
mens or figures of specimens. The graduations on the axes are 
in millimetres in all cases except for UA, where the gradua- 
tions are in degrees. Apart from in the case of the parameter 
UA, length has been employed as the standard measure of size 
except where this generates too few points for inclusion, in 
which case height has been employed. It was felt at the time of 
draughting that umbonal angle was not entirely independent 
of length so this parameter was plotted against height rather 
than length wherever sufficient data presented itself. Subse- 
quent consideration suggests, in fact, that umbonal angle and 
length are independent of each other in all real situations. 


Where plical frequency histograms have been plotted, pli- 
cal counts for right and left valves have been plotted together 
where the minimum plical count is 12 or more, even though 
there may be a difference of one plica between the valves. 
Where there is a difference between the valves and the 
minimum number of plicae is less than 12, values for right and 
left valves have been separated and only one set plotted (the 
letter R or L is added as a subscript to PL as appropriate). 
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The single histogram for IC (Propeamussium (P.) 
pumilum) uses both right and left valve data so no subscript is 
added to the abbreviation. However, the single graph involv- 
ingEC (P. (P.) laeviradıatum) uses only left valve data so the 
letter L is added as a subscript to EC. 

The locations and museum registration numbers of speci- 
mens represented in the bivariate plots and histograms can be 
obtained from the author on request. 


Table 2: Explanation of abbreviated museum (and individual collection) names and lists of 


works whose partial or complete subject is pectinids and/or propeamussiids preserved in the 


British Museum (Natural History), London (Arkeıı, 1929a-35a; Cox, 1935a, 
1936a, 1952; Damon, 1880; Durr, 1978; LycETT, 1863; NEALE, 1956; Parıs and 
RıcHarDsoN, 1916; J. SOWERBY, 1812-22; J. DE C. SOwERBY, 1822a—46a, 1840b; 


Bayerische Staatssammlung für Paläontologie und historische Geologie, Munich 


(BoEHM, 1883; BURCKHARDT, 1903; GoLpruss, 1833-40; Kunn, 1935, 1936; 


Ecole Nationale Superieure des Mines, Centre d’Etudes et de Recherches de 
Paleontologie Biostratigraphique, Universit€ de Paris-Sud, Centre d’Orsay 
(BuvicnIer, 1852; Bayıe, 1878; Dorırus, 1863; DouviLı£, 1916; TERQUEM and 


Institut für Paläontologie der Rhein. Friedr.-Wilhelms Universität, Bonn 
Geologisch-Paläontologisches Institut und Museum der Georg-August-Uni- 
Universität Tübingen, Institut und Museum für Geologie und Paläontologie 
Museum für Naturkunde an der Humboldt-Universität zu Berlin 


Institute of Geological Sciences, Geological Survey, London (Hurı, 1857; 


Museum Nationale d’Histoire Naturelle, Parıs, D’Orsıcny Collection (D’ORrßıc- 


Museum Nationale d’Histoire Naturelle, Paris, PEron Collection (PEron, 1905). 
Museum Nationale d’Histoire Naturelle, Paris, Regional Collection. 


Museum Nationale d’Histoire Naturelle, Paris, Systematic Collection 
(CoTTEAu, 1853; J.-C. FISCHER, 1964; DE Lorıor, 1894, 1904; DE LorIoL and 


Ecole nationale Sup£rieure de Geologie, Nancy (BuviGniEr, 1852; DECHASEAUX, 


Oxford University Museum (Arkeıı, 1926, 1929a-35a; DousLas and ArkEıL, 


museums. 
BCM City of Bristol Museum and Art Gallery (J. Sowergy, 1812-22). 
BM 
WHIDBORNE, 1883; WITCHELL, 1880). 
BSPHG 
ROTHPLETZ, 1886; SCHLIPPE, 1888; WAAGEN, 1867; Yamanı, 1975). 
DM Institut des Sciences de la Terre, Universite de Dijon. 
ENSM 
Jourpy, 1869). 
GPIB 
(GoLpruss, 183340). 
GPIG 
versität, Göttingen (Ernst, 1923). 
GPIT 
(Orreı, 1853; QUENSTEDT, 1858; ROLLIER, 1915; STAESCHE, 1926). 
HM 
(SCHLOTHEIM, 1820). 
1GS 
MELVILLE, 1956; Morris and LycEtT, 1851-55; TAwNEY, 1866). 
MHNL Museum d’Histoire Naturelle, Lyon (DumoRTIER, 1864-74). 
MN Museum Nationale d’Histoire Naturelle, Paris (LAMARcK, 1819). 
MNO 
NY, 1850). 
MNP 
MNR 
MNS 
LAMBERT, 1893; DE LorıoL etal., 1872). 
NM 
1936). 
NMW Naturhistorisches Museum, Vienna (NEUMAYR, 1871). 
OUM 
1932; Durr, 1978; Kırkaıpy, 1963). 
SbM Woodend Museum, Scarborough. 
ScM Seunthorpe Museum and Art Gallery. 
SM Sedgwick Museum, Cambridge (WHIDBORNE, 1883). 
WM Whitby Museum (Sımpson, 1884). 
YM Yorkshire Museum, York (PHirLırs, 1829). 
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Cretaceous c 
Tithonian * v 
Kimmeridgian * Rz r 8 
Oxfordian © | 
© 
Callovian o 
) 
Bathonian DO 
r 8 
Bajocian [\ 
& r 
| 
Aalenian & 
J 
= 
Toarcian [| 
U.Pliensbachian “ 
L.Pliensbachian © ) rm | 
| 
Sinemurian x N | 
Hettangian ! 
Rhaetic (Triassic) r 


Table 3: Key to symbols used in graphs and diagrams (“the 
sense in wic these stage names are applied is explained on 
p- 16). 


The abbrevations of museum names (and of the names of 
particular collections in museums) used herein are listed and 
explained in Table 2 together with works whose partial or 
complete subject is Jurassic scallops preserved in the various 


museums. Non-parenthesised numbers following museum 
abbreviations in the text refer to individual specimens or small 
‘collectives’ in a single tray except in the case of YM where the 
number refers to a box. Unfortunately in a number of 
museums unfigured material is not catalogued thus where re- 
ference is made to such material no more than the identity of 
the museum can be indicated. Where more than one specimen 
is involved as a reference to museum material and the actual 
number is of some importance, itisquoted in square brackerts. 


The species distribution maps have been compiled very 
largely from the citations listed in the synonymies. Details 
concerning the remaining information (derived from collec- 
tions) can be obtained from the author on request. The recon- 
structions employed as the basis for charting extra-European 
distribution are those of SmitH and Brıven (1977). In the ab- 
sence of precise details concerning place of discovery, speci- 
mens from the Caucasus (Pomreckj, 1897) have been sym- 
bolised on both the north and south sides of Tethys. 


The symbols used in both the graphs and the maps to indi- 
cate stratigraphic horizon are explained in Table 3. Although 
the general lack of stratigraphic subdivision beyond the level 
of the stage masks some of the temporal changes in morpho- 
logy and distribution mentioned in the text, it was feltthatthe 
plethora of symbols required to illustrate such changes would 
prevent appreciation of the larger scale changes. 

The L. and U. Pliensbachian have traditionally been regarded as 

subdivisions of almost stage rank. Separate symbols are therefore 

used for specimens from the L. and U. Pliensbachian in exception 
to the general rule of using the same symbol for specimens from all 
substages of a stage. 

The zonal stratigraphic scheme presented in Table 4 and 
used throughout is that of Hallam (1975a). The author has fol- 
lowed Hallam in not recognising the Portlandian stage. Sedi- 
ments in $. England and N. W.France which would tradi- 
tionally be termed Portlandian are herein termed Tithonıian. 
The term Kimmeridgian is applied sensu gallico (= L. Kim- 
meridgian sensu anglıco). 


S. ENGLAND 
Dem RaTTe 
j' Nodiger Titan Transitorius 
v4 Subditus _ —— Gore‘ 
| Fulgens aus Albani—__ r u. 
| Nikitini Rotunda ae 
VOLGIAN< M. Virgatus or Pallasioides-? — Scruposus 
Panderi ES ipeekinatüs | Concorsi LETHONTAN 
Pseudoscythicus ı Hudlestoni Pencillatum 
L.< Sokolovi Wheat leyensis | Vimineus 
Klimovi—— _____ifSeitulus\ | Triplicatus (&2 
Elegans S mm mLithographicum 
I N.W. EUROPE 75. EUROPE 1 
| 
| Autissiodorensis | Beckeri 
Eudoxus | Eudoxus ) 
n Mutabilis ı Acanthicum | 
KIMMERIDGIAN HEDTvaeum 
Cymodoce | Hypselocyclum | 
Baylei Platynota 
Pseudocordata ı Planula | 
1% Decipiens | Bimammatum | 
“| LCautisnigrae ___| | Bifurcatus 
OXFORDIAN Tran sversanı U 
M.< Plicatilis 
L Cordatum 
"| Mariae 
U Lamberti 
Athleta 
Coronatum 
CALLOVIN < M. son 
f Calloviense 
Macrocephalus 


BATHONIAN 


BAJOCIAN 


AALENIAN 


TOARCIAN 


PLIENSBACHIAN < 


SINEMURIAN 


HETTANGIN < 


Table 4: 
pean Jurassic (see p. 16). 


Appendix I ıs a list of those nominal pectinid and prop- 
eamussiid species described from the Jurassic of Europe 
which are not considered herein. Apart from names created 
for members of the highly distinctive group of species from 
the Tithonian of alpine and southern Europe and for members 
ofthe genus Weyla (see p. 11) it consists of names created for 
specimens which in the author’s opinion are specifically inde- 
terminate and names which, as a result of poor descriptions 
and figures and the unknown whereabouts of type material, 
can only be said to refer to ‘pectinids’ or ‘propeamussilds’. 


Ir 
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Discus 
Aspidoides 
Retrocostatum 
Morrisi 
Subcontractus 
Progracilis 
Zigzag 
Parkinsoni 
Garantiana 
Subfurcatum 
Humphriesianum 
Sauzei 
Laeviuscula 
Discites 
Concavum 
Murchisonae 
Opalinum 
Levesquei 
Thouarense 
Variabilis 
Bifrons 
Falciferum 
Tenuicostatum 
Spinatum 
Margaritatus 
Davoei 

Ibex 

Jamesoni 
Raricostatum 
Oxynotum 
Obtusum 
Turneri 
Semicostatum 
Buck landi 
Angulata 
Liasicus 
Planorbis 


Zonal scheme (after Hallam, 1975 a) for the Euro- 


NOTE ON COPPER ENGRAVINGS 


Many of the illustrations in the earlier works referred to 
herein were printed from copper engravings. Since this pro- 
cess involves reversal of the image it follows that for accurate 
reproduction the engraving must be a mirror image of the 
original specimen. A number of peculıar illustrations encoun- 
tered in the course of research were quite clearly theresult ofa 
failure to make the initial reversal. In such cases measure- 
ments have been automatically reversed and in general no 
further comment has been made in the text. 


I am grateful to R. J. Creevery (British Museum; Nat. 
Hist.) for pointing out to me the reason for reversed illustra- 
tions. 


NIORSPLIO OSTEN PAREADEGMS> EORZTFIEFBRASTEMODESIOF 


TEEZOESC HL EO DS 


The background to the inclusion of this piece is presented 
on p. 11 together with an explanation of the sense in which 
the term ‘paradigm’ is applied herein. The mode ot Iıte 
categories are a combination of those of Kaurmann (1969) and 
StanLey (1970). Although some living pectinids are known to 
be cemented (e. g. Hinnites) no paradıigm is presented for this 
mode of life because it is easily recognisable in fossils from 
preservation. In formulating the paradigms the author has re- 
stricted his attention to easily observable external features of 


the shell. 


Size of the antero- and posterodorsal disc gapes has therefore not 
been considered. This might be thought to represent an important 
omission in connection with the swimming paradigm. In fact it is 


probably of little consequence, for, as WALLER (1969) has pointed 
out, the jets of water expelled during swimming are actually con- 
trolled by the apposed velar lobes of the antero- und posterodorsal 
parts of the shell. Itshould be pointed out that swimming is quite 
possible in forms completely lacking disc gapes (e. g. Gloripallium 
pallium [see WALLER, 1972b]). 

Many living scallops actually have more than one mode of 
life (e. g. byssal swinging/tightly byssate, reclining/swim- 
ming) so this possibility has to be borne in mind in comparing 
fossil species to the paradigms. It is doubtful «whether swim- 
ming could ever be a full-time activity and certainly no living 
scallops have yet been discovered in which swimming is the 
exclusive mode of life. 


RECLINING 


Reclining is defined as lying on the sea floor without any 
means of attachment. All known living species with this habit 
lie on the right valve. In the lack of a means of attachment re- 
clining species are susceptible to overturning and transport in 
high energy environments. This danger can be offset by hav- 
ing a large thick shell (increasing weight) with strong or- 
namentation on the right valve (increasing frictional resistance 
to movement). Low ornamentation on the left valve and gen- 
erally low convexity will also help to lessen the risk of over- 
turning and transport by reducing the profile of the shell and 
consequently its resistance to water movements. Given an in- 
ability to orientate the shell with respect to the direction of 
water movements an orbicular shape will be the best form for 
the disc as far as minimising the risk of overturning is con- 
cerned. A low convexity, orbicular disc is also the best form 
for reclining in low energy environments where the substrate 
is soft, since it spreads the weight of the shell and thereby in- 
hibits sinkage. Small size (large surface area/weight ratio) and 
a thin shell will be similarly beneficial in this situation and 
strong ornament will be a disadvantage unless it extends 
beyond the disc margins as some form of protuberance with a 
high surface area/weight ratio and thus provides a ‘snowshoe’ 
effect. Large auricles would provide the same benefit on soft 
substrates but otherwise no advantage can be envisaged in 
their possession for a standard reclining mode of life. 


TIGHT BYSSAL FIXATION 


Tightly byssate scallops apply the right valve to the sub- 
strate and extend a short byssus over the margin of the right 
valve at the base of the anterior auricle. The great majority of 
living species attach themselves beneath or on the sides of hard 
objects. 

Unless the right valve is of very low convexity any increase 
in the tension ofthe byssal (= pedal) retractor muscle beyond 
that strictly required to keep the animal in contact with the 
substrate tends to tilt the shell and present a large area for re- 
sistance to currents. There isthus a danger that the attachment 


limited upward tilting 
in these regions 


will be broken altogether. Tilting in a purely anterior-post- 
erior sense can be minimised by having a small anterior auricle 
thus bringing the byssus closer to the tilting fulcrum and 
minimising its leverage. This, however, does nothing to 
minimise upward tilting of the ventral part of the shell and a 
better all-round solution (text fig. 7) is elongation of the dor- 
sal part of the anterior auricle without addition to the ventral 
part (i. e. development of a deep byssal notch). A further im- 
provement is achieved by a ‘rightward’ slope of the anterior 
auricle from posterior to anterior (WALLer, 1972b). Posses- 
sion of a narrow disc restricts the shell area presented to cur- 
rents upon tilting. 

Development of a deep byssal notch has the added advan- 
tage of putting the byssus in a position where it can resist an 
overturning force (such as that provided by currents meeting a 
convex right valve) acting on the posterior part of the shell 
(STAnLEY, 1970). However, assuming that it is impossible to 
increase the force exerted through the byssus it will be neces- 
sary in this situation for the depth of the byssal notch to in- 
crease allometrically (exponent 2) in order to maintain an at- 
tachment at all, since the moment exerted by the overturning 
force will be proportional to the cross-sectional area of shell 
perpendicular to its line of action. 


Obviously possession of an initially deep byssal notch will create a 
certain amount of leeway, in forms lacking allometric growth of 
the byssal notch, before attachment is actually lost. With regard to 
the assumption concerning the force exerted through the byssus 
(i. e. that it is impossible to add to the number of byssal fibres so as to 
increase the basic strength of the byssus, and that of the bond be- 
tween byssus and substrate, and thereby allow a greater force to be 
exerted by the byssal retractor without breaking the attachment) it 
must be doubted whether this is universally applicable. The as- 
sumption is made in the interests of facilitating at least some sort of 
interpretation of fossil morphologies. Although the limited infor- 
mation on living scallops suggests that the assumption is reason- 
able, it is difficult to see why scallops should be constrained to 
retain the juvenile number of byssal threads. 


The author is here only considering forms with the usual at- 
tachment position, beneath or against the sides of objects. The 
effective overturning moment will actually decrease during 
ontogeny in forms attached to the upper surfaces of objects 
since in this situation the overturning force has to contend 


anterior auricle pressed 
against substrate 


Text fig. 7: The effect of elongation of the dorsal part of the anterior auricle in restricting tilting (result- 
ing from the combination of high byssal tension and a convex right valve) in the posterior and posteroven- 


tral shell regions (arrow = byssal force). 


with the weight of the animal (scaling as L?). For all orienta- 
tions on hard, smooth substrates it will be advantageous to 
have a minimally ornamented right valve so as to maximise the 
shell area in contact with the substrate and consequently max- 
imise frictional resistance to lateral movement of the shell. On 
soft substrates frictional resistance will be increased by the 
development of some form of ornament that penetrates the 
substrate surface. Similar ornament on the left valve will also 
be of value if the substrate is so soft the the animal can in- 
sinuate itself. Otherwise it will be preferable for the ornament 
of the left valve to be subdued so as to minimise resistance to 
currents and consequently maintain lateral strain on the bys- 
sus at a tolerable level. A low convexity left valve will be ad- 
vantageous for the same reason. In forms with the usual at- 
tachment position (see above) small size and thin valves will 
be beneficial in minimising the basic strain on the byssus re- 
sulting from the weight of the animal. 

For forms tightly attached in confined spaces where the left 
valve comes into contact with the substrate upon gaping it will 
be advantageous for the hinge line to migrate ventrally so asto 
prevent restriction of the angle of gape with growth (Yonce, 
1951). 


Implied here are fissures that are essentially ‘v’-shaped. Narrow, 
parallel-sided spaces are not colonisable, except by small forms, 
because shell growth rapidiy makes it impossible to open the 
valves. 

At all sizes subdued ornamentation and low convexity of 
the left valve together with a thin shell will allow the widest 
possible gape in the space available. Subdued ornament and 
low convexity will also maximise frictional resistance to 
movement if the substrate is hard and smooth (see above). 


BYSSAL SWINGING 


The nature of a byssal swinging mode of life needs no ex- 
planation. As in tightly fixed forms (see above) the byssus is 
extended between the valves at the base of the anterior auricle. 
In the absence of contact between the shell and the substrate 
to which the byssus is attached there is nothing to be gained 
from elongation of the dorsal part of the right valve anterior 
auricle and consequent production of a deep byssal notch. 
Strain on the byssus as the result of frictional drag between the 
shell and currents can be minimised by development of a low 
convexity posteriorly elongated disc (i. e. ashape that behaves 
like a windvane [Kaurmann, 1969]) on which the ornament is 
subdued. Small size and thin valves will minimise the basic 
strain on the byssus resulting from the weight of the shell. 


SWIMMING 


Scallops achieve self-propulsion through the water in two 
ways. In one the valves clap together rapıdly and a large vol- 
ume of water is expelled ventrally; the shell therefore moves 
dorsally. Rapid adduction is also involved in the other 
method but here the velae (the muscular curtains formed from 
the inner mantle lobe of each valve) are employed in such a 
way as to restrict egress of the water to two small regions on 
either side of the auricles (see p. 17). Movement is therefore 
in a ventralward direction. In both processes the left valve is 
always uppermost. The first process, the “escape response’ of 
authors, is rarely observed in nature and will not be consid- 
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ered further. The second process ıs that which has come to 
be known as ‘swimming'. 


In the swimming process thrust can be maximised by pos- 
session of low convexity valves so that almost all the water 
trapped between the valves is finally expelled (THAver, 1972). 
Low convexity also minimises drag in the brief, post-adduc- 
tive planing phase by rendering the shell streamlined. Since 
scallops are denser than water they must generate lift in order 
to progress by swimming. At the expense of forward advance 
this can be achieved simply by tilting the dorsal part of the 
shell downwards and thus translating some of the thrust from 
the water jets into an uplifting force. By departing from a 
paradigmatic form for generating thrust and minimising drag, 
lift may also be obtained hydrodynamically in the planing 
phase. A strongly right convex shell thrust through the water 
would generate lift in the same way as an angled board but 
such a shape would have such a poor thrust/drag ratio that, in 
spite of allowing jetting of water at a lower angle, it is very 
doubtful whether it could travel as far horizontally for agiven 
expenditure of energy as a low convexity shell gaining lift 
purely from downward thrust. A shell of low right valve con- 
vexity but with moderate left valve convexity (a ‘'hydrofoil’ 
shape) would also generate lift (by the Bernouutı Effect 
Stanı£y, 1970]) and in this case it seems likely that the 
thrust/drag ratio would not be so poor as to greatly coun- 
teract the advantage of alower ‘required jetting angle’ and that 
therefore such a shell would travel at least as far horizontally 
for agiven expenditure of energy as a shell with both valves of 
low convexity, gaining lift purely from downward thrust. 


Since gravity scales as L? while thrust and lift (together with 
drag) only scale as L? it becomes steadily more difficult for 
scallops to swim as they approach large size (Gouıp, 1971). 
The size at which the capacity is lost can be increased by vari- 
ous muscular allometries (Gouıp, 1971; THAYER, 1972). As 
far as the hard parts are concerned swimming ability can be 
prolonged by ontogenetic increase in the umbonal angle, 
which serves to direct the water jets more nearly backwards 
and therefore maximises forward thrust (STANLEY, 1970), and 
by length/height allometry, which increases the “aspect ratio’ 
and thereby minimises drag (GouLp, 1971). Obviously an in- 
itially large umbonal angle and length/height ratio (i. e. in gen- 
eral terms a sub-orbicular rather than sub-ovate shape) will 
make for more efficient swimming in the juvenile and add to 
the effects of allometry in the adult. Further advantages are a 
thin shell (reducing weight) and subdued ornament (reducing 
drag). Large auricles would increase the resistance of the shell 
to sinking during the planing phase but would increase drag 
without adding anything to thrust or lift so it is very doubtful 
whether they would provide an overall advantage. 


QUALIFICATORY SECTION CONCERNING 
ORNAMENT 


It will have been noted in the foregoing sections that strong 
ornament is an advantage for stability in certain situations. A 
number of other ways have been suggested in which strong 
ornamentation, in the form of radial plicae, might be benefi- 
cial to a scallop and it is as well to evaluate whether such or- 
nament could indeed be of use in any other way for if so it will 
be necessary to play down the evidence of ornament, where 
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developed as radial plicae, in attempting to determine mode of 
life by means of the paradigms. 

The most popular suggestions have been that plicae reduce 
the risk of the shell being broken (on the assumption that they 
increase strength in the same way as corrugations in a sheet of 
iron) by forces acting on it during life. On the grounds of re- 
sults obtained by PrEUSCHOFT et al. (1975) from stress experi- 
ments, Rrır (1978) has recently asserted that the basic assump- 
tion that plicae increase the overall strength of a shell is false 
and he has gone so far as to say that plicae actually decrease the 
overall strength of a shell. Such are in fact by no means neces- 
sary conclusions from the experimental results of PREUSCHOFT 
et al. The experiments performed by the latter authors con- 
sisted of the application of a force above the adductor muscle 
(to simulate the force exerted by the adductor during swim- 
ming) of previously ‘stress-coated’ scallops. (A stress-coat ıs a 
lacquer which cracks to show up lines of tension and com- 
pression on a stressed body.) The observed stress pattern in- 
dicated that plicae do indeed increase strength in the ventral 
sector but that they reduce strength in the dorsal sector. It can 
therefore be said that plicae do not increase the strength of a 
shell throughout and, since plicae actually weaken the shell in 
the dorsal sector, it can be said, on the assumption that 
the thickness and therefore basic strength of the 
shell in the dorsal sector isthe same as in the ven- 
tral sector (and bearing in mind the fact that a shell is only 
as strong as its weakest point), that the overall strength of the 
shell is reduced by the development of plicae. The foregoing 
assumption, which Reır must have made to reach such con- 
clusions as he did from the experimental results of PREUSCHOFT 
et al., is in fact invalid for at least a large number of species 
(Pecten maximus, one of the species used by PREUSCHOFT et 
al., being a particularly good example of a species with mark- 
edly greater shell thickness in the dorsal sector) and taking 
into account the fact that the number of shell layers increases 
from the ventral to the dorsal margin (TayLor et al., 1969) it 
seems practically certain to be generally invalid. If it is in- 
valid to make the above-mentioned assumption then one is in 
no way forced by the results of the stress-coat experiments to 
draw the conclusion that plicae reduce the overall strength of a 
shell, for such experiments do not provide quantitative data to 
tell us whether plicae reduce strength in the dorsal sector to a 
value below that of unplicated shell in the ventral sector, 
which is the crucial point ın deciding whether plicae increase 
or decrease the overall strength of a shell. 

The whole question of whether plicae do or do not increase 
the overall strength of a shell is potentally answerable 
through breakage experiments with plicate and non-plicate 
shells of equal thickness and convexity (structural strength is 
enhanced by increased convexity []. CurrEY, pers. comm. 
1978]). The author has yet to find appropriate material for 
properly controlled experiments but crude hand trials using 
plicate and non-plicate shells of roughly equal thickness and 
convexity (belonging respectively to the extant species 
Chlamys opercularis and Ch. tigerina) indicate strongly that 
plicae do increase overall strength (at least for those species 
[probably the very great majority; see above] whose shells are 
dorsally thickened to the same moderate extent as in Ch. 
opercularıs). 

Although it now seems likely that the traditional assump- 
tion that plicae increase the overall strength of ashellis by and 


large valid, this does not necessarily imply that the risk of 
breakage by forces acting on the shell during life is ever re- 
duced by the development of plicae. A non-plicate shell may 
be quite adequate to withstand the forces. This certainly 
seems to be the case for the force generated in swimming (see 
above) for there exist actively swimming non-plicate pectinids 
of quite average shell thickness and convexity (e. g. Placopec- 
ten magellanicus [see Sranıe£v, 1970]) in which there is no evi- 
dence of shell breakage during swimming. It also seems likely 
that all but the thinnest-shelled of scallops could withstand 
wave-generated forces up to the greatest magnitudes typically 
encountered, without the additional strength provided by 
plicae (cf. VerriLL, 1897). Srantey (1970) has shown that a 
non-plicate shell of comparable thickness to that of an average 
scallop, if of somewhat greater convexity (that of Mytilus 
edulis), is strong enough to withstand wave forces of a mag- 
nitude far greater than any likely to be experienced by the maj- 
ority of scallops (those developed on an exposed inter-tidial 
zone - most scallops are unable to colonise the inter-tidal zone 
because their permanent gapes do not allow retention of water 
[to prevent tissue dehydration] between high tides). It is how- 
ever probable that anon-plicate scallop shell of average thick- 
ness and convexity would be in great danger of being broken 
by predator-generated forces (as suggested originally by VEr- 
rıLL, 1897). Extra-orally feeding starfish, which are certainly 
a major enemy of scallops in temperate waters at the present 
time (MEpcor and Bourne, 1964; FEDER, 1970; BLoom, 1975), 
are known to be capable of generating forces up to 5.5 kg 
(FEDER and CHRISTENSEN, 1966) in their efforts to pull bivalves 
apart (in order to facilitate entry of the stomach) and CARTER 
(1968) reports shell breakage in the genus Venerupis (thicker 
and more inflated than typical scallops) as the result of at- 
tempted starfish predation. G. J. VERMEI) (pers. comm., 1978) 
reports that extra-orally feeding starfish are rare in the tropics 
and therefore may not constitute a serious threat in these re- 
gions. He adds however that durophagous teleosts are amajor 
enemy of scallops in the tropics and such fish, which are capa- 
ble of biting off chunks of coral (Srantev, 1970) would surely 
be able to crush non-plicate scallops of average thickness and 
convexity. Of the other anımals which are known to be 
enemies of scallops at the present time (intra-orally feeding 
starfish [Brun, 1972]; plaice and cod [Mepcor and BoURNE, 
1964]; herring gulls [Gurseit, 1931]; sea anemones, oc- 
topods and crabs [BLoom, 1975]) it seems very lıkely that oc- 
topods and crabs would also be able to crush non-plicate scal- 
lops of thickness and convexity equivalent to plicate forms. 


Although it seems likely that plicae would be of benefit to a 
scallop of average thickness and convexity as far as passive re- 
sistance to attempted predation is concerned they would be 
disadvantageous (increasing drag) as far as the actual evasion 
of predators by swimming is concerned. (The use of the 
swimming response as a means of escape from predators is a 
well documented phenomenon [e. g. THomas and GruFYDD, 
1976].) It is possible to imagine that a smooth shell might in 
fact be just as good an adaptation towards predators as a 
strongly plicate shell because of its greater suitability for 
swimming. The abandonment of plication and the develop- 
ment of internal costae (which must surely strengthen the 
shell, albeit at somewhat greater material cost than plicae) in 
certain genera of scallops (e. g. Amusium) would seem to rep- 
resent an attempt to gain the best of both worlds. 


Propeamussium also possesses internal costae and lacks plicae. 
However in this case plicae may be absent for constructional rather 
than functional reasons. WALLER (1972a) is of the opinion that 
plicae could not be developed in a shell, such as that of Propeamus- 
sium, with an outer prismatic layer in one or both valves. 

The development of layers of divaricate fibres (which in 
conjunction with the usual layers of radially arranged foliae 
must produce a relatively strong structure by analogy with 
plywood) in the shells of certain non-plicate Entolium and 
Camptonectes species might also represent an attempt to 
facılitate a ‘siege’ policy towards predators without at the 
same time impairing a fugitive’ policy. 

It has been suggested that plicae might be beneficial for re- 
sisting attempted predation in ways other than by increasing 
shell strength. Reır (1978) has suggested that by interlocking 
at the commissure plicae might prevent lateral twisting of the 
valves by starfish. Quite apart from the fact that there is no 
evidence that starfish ever attempt to twist the valves apart to 
gain access to the soft parts (the only technique recorded be- 
ing asimple pull against the action of the adductor [FEDer and 
CHRISTENSEN, 1966]) it must be doubted whether the long 
outer ligament of scallops would not perform this task quite 
adequately and thus obviate any need for further adaptatıon 


of the shell. 


It should be noted that the scallop adductor is able to resist an 
opening force applied by a starfish for long periods (author’s ob- 
servations) so provided that the period of time which a starfish will 
devote to an attempt to open a scallop is sometimes less than the 
length of time for which the adductor can offer resistance (a not un- 
reasonable assumption [cf. BURNETT, 1960]) increased shell 
strength will undoubtedly be beneficial in the context of this form 
of predation (as suggested on p. 20). 


CARTER (1968) has suggested that in the case of a failure to 
open the valves widely an undulating shell margin (as is asso- 
ciated with plication) might serve to prevent introduction 
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of more than a small part of a starfish’s stomach into a bivalve. 
As STAnt£y (1970) has pointed out, the stomach of a starfish is 
so flexible that it is in fact very unlikely that its introduction 
would be severely hampered by an undulating shell margin. 


One further way in which it has been suggested that plicae 
might be beneficial to a scallop is through their enlarging ef- 
fect on the area of mantle tissue and thus of respiratory surface 
(WALLER, 1969). It remains to be demonstrated whether a 
larger respiratory surface is of any particular benefit to a scal- 
lop. 

To sum up the foregoing, in most ofthe ways suggested it is 
unlikely that plicae would be an advantage for a scallop. 
However, in the case of passive resistance to attempted preda- 
tion it is quite likely that they would be of benefit to forms of 
average thickness and convexity, so in accordance with the ap- 
proach advocated on p. 19 the author has tended to disre- 
gard the evidence of strong ornament in the form of radial 
plicae in attempting to determine mode of life by means of 
comparison with the paradigms. 

Extra-orally feeding starfish, at least, have been in existence as long 

as scallops (they are known from the U. Ordovician [VERMEI], 

1977]) so the possession of plicae would seem always to have been 

beneficial to forms of average thickness and convexity in a context 

other than that of stability. 

Corrugations increase the strength of a sheet of material by 
increasing its moment of inertia (WAINWRIGHT et al., 1976). It 
can be seen from text fig. 8 (which shows moment of inertia 
values [Iso] for a range of sinusoidally corrugated sections of 
arbitrary length 50 mm; the means by which Is, values were 
derived is presented in Appendix II) that for a sheet of any 
given thickness, corrugations of high amplitude and low 
wavelength give the greater increase in strength and it can 
therefore be inferred that plicae of high amplitude and low 
wavelength will be paradigmatic for passive resistance to at- 
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Text fig. 8: Moment of inertia (Iso) for a range of sinusoidally corrugated sections of length 50 mm (see 
Appendix II). Surfaces of equal Iso would all slope generally towards the left and back if drawn in. 
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tempted predation. It can also be seen from text fig. 8 that plı- 
cal intercalation will increase strength (through shortening 
wavelength) and will thus be of value as the anımal grows and 
the potential leverage which a predator can exert to break the 
shell increases. 


It should be noted that it is only the strength in bending which is 
greater than that of a flat plate of equivalent thickness and then 
only when bending is about the x-x axis of the corrugated section. 
This is in fact the most likely situation in any form of predatory at- 
tack on a plicate shell. It should be further noted that corrugations 
also increase stiffness. This property may in fact be just as impor- 
tant as strength in the context of resisting attempted predation by 
animals, such as extra-orally feeding starfish, which attempt to pull 
the valves apart rather than crush them. 


It seems very likely that forms of continuous comarginal 
ornament involving thickening of the shell (e. g. comarginal 
lamellae) would result in an increase in overall strength and 
thus be of benefitto a scallop of average thickness and convex- 
ity in the context of passive resistance to attempted predation. 


The evidence of such ornament as continuous comarginal 
lamellae has therefore been played down, in the same way as 
for radial plicae, in attempting to determine mode of life by 
means of comparison with the paradigms. 


In conjunction with some form of radial or divarıcate or- 
nament and against a background of appropriate ‘grain’ size, 
discontinuous comarginal lamellae (and to a rather lesser ex- 
tent continuous comarginal lamellae) tend to camouflage a 
shell somewhat to the human eye. It cannot yet be said 
whether discontinuous comarginal lamellae actually camouf- 
lage the shell to visual predators (and thus whether the de- 
velopment of such ornament would be beneficial to a scallop 
in the context of avoiding predation) so in attempting to de- 
termine mode of life by means of comparison with the 
paradigms the author has not disregarded the evidence of dis- 
continuous comarginal ornament except where it is at odds 
with the evidence of other aspects of morphology or with 
ecology. 


MT SYSTEMATIGCPALAEFOBIOLOGY OFTHE -EUROPENN: 
FTURASSIETBECTINIDAEZANDI/PROPEAMUSSIIDAE 


FAMILIAL DIAGNOSES 


WALLER (1978) provides the following familial diagnoses: 


Propeamussiidae — ‘Byssate or free Pectinacea with outer, 
simple-prismatic calcitic layer on right valve present on main 
portion of disk throughout ontogeny; crossed-lamellar 
aragonite extending outside of pallial line, in some cases 
nearly to distal margins, and commonly covering hinge plate. 
Byssal notch without ctenolium even in early growth stages 
(now known to be present in one species — T. R. WALLER, 
pers. comm. 1980). Mantle curtains commonly without guard 
tentacles’. 


Pectinidae — ‘Byssate, cemented, or unattached Pectinacea 
with outer, simple-prismatic calcitic layer on right valve gen- 
erally present only in early growth stages, rarely absent al- 
together; crossed-lamellar aragonite restricted to area inside 
of pallial line or absent. Byssal notch with ctenolium, at least 
at early growth stage. Mantle curtains bearing guard tenta- 
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cles’. 


Family PROPEAMUSSIIDAE Tucker Assortr 1954 
Genus PROPEAMUSSIUM De Grecorıo 1884 


Type species. OD; Dr GreGoRr1O 1884, p. 1; Pecten (Prope- 
amussium) Ceciliae De GrEGORIO 1884, p. 1; Miocene, Sic- 
ily. 


AMENDED DIAGNOSIS 


‘Small, thin, valves nearly equally convex; sculptured with 
concentric lines, LV commonly with radial striae or riblets; 
byssal notch moderately deep to slight; right anterior auricle 
of some shells with radial riblets; interior with radıal riblets 
which usually extend to middle or to margin. L. Jur. - Rec., 
cosmop.’ (HERTLEIN, 1969: N350). 


Subgenus PROPEAMUSSIUM s. s. 


(Synonyms etc. Propeamusinm Daıı 1886 [nom. van.] 
Propreamusium Jackson 1890 [nom. null.] 
Paramusinm VerriLL 1897 
Paramussinm DE GREGORIO 1898 

[nom. null.] 
Propeannessium Cossmann and PisARRO 
1906 [nom. null.] 
Occeultamussium KoROBKoV 1937 
Pseudopalliorum Oyama 1944 
Flavamussium Oyama 1951 
Actinopecten BOoNARELLI 1951) 


AMENDED DIAGNOSIS 


“Valves rather flattened, usually gaping along lateral mar- 
gins; byssal notch slight; internal ribs extend about half way 
(farther in some) to margin. L. Jur. - Rec., cosmop.’ (HERT- 
LEIN 1969: N350) 


DISCUSSION 


In the Jurassic P. (Propeamussinm) can be divided into 
three groups on the following basis: 


l. 9-13 original internal costae terminating at approximately 
7/8 H; dorsal margins of right valve extended slightly 
beyond hinge-line. 

(= P. (P.) pumilum). 

2. 9-10 original internal costae terminating at approximately 
7/8 H; dorsal margins of right valve extended into horn- 
like processes. 

(= P. (P.) laeviradiatum). 

3. 7-9 original internal costae increasing in number by inter- 

calation to 18, terminating at approximately 5/6 H; ap- 


proximately straight dorsal margin in right valve. 
(= P. (P.) nonarıum). 


Propeamussinm (Propeamussium) pumilum (LAmarck 1819) 
Pl. 1, Figs. 14, 7-9; text figs. 9-12. 
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Synonymy 
Pecten pumilus sp. nov; LAMARCK, p. 183. 
Pecten incrustatus sp. nov; DEFRANCE, p. 253. 
Pecten intusradiatus sp. nov; MUNSTER in KEFER- 
STEIN, p. 574. 
Pecten infusstriatus sp. nov; MUNSTER in DE LA 
BECHE, p. 386. 
Pecten contrarins sp. nov; V. BUCH ın DE LA 
BECHE, p. 412, 423. 
Pecten personatus sp. nov; GOLDFUSS ın ZIETEN, 
p: 68, pl. 52, figs. 2a, 2b. 
Pecten paradoxus sp. nov; MÜNSTER in GOLDFUSS, 
p- 74, pl. 99, figs. 4a-f. 
Pecten personatus GOLDFUSS; GOLDFUSS, p. 75, 
pl. 99, fig. 5. 
Pecten personatus GOLDFUSS; V. BUCH, p. 101. 
Pecten pumilus LAMARCK; D’ORBIGNY, p. 257. 
Pecten incrustans DEFRANCE; BRONN, p. 213, 
pl. 19, figs. 5a-c. 
Pecten personatus GOLDFUSS; QUENSTEDT, p. 505, 
pl. 40, fig. 39. 
Pecten personatus GOLDFUSS; MORRIS and 
LYCETT, p. 11, pl. 1, figs. 17, 17a. 
Pecten amalthei sp. nov; OPPEL, p. 77, pl. 4, fig. 9. 
Pecten incrustatus DEFRANCE; OPPEL, p. 262. 
Pecten pumilus LAMARCK; OPPEL, p. 419. 
Pecten contrarius V. BUCH, (QUENSTEDT, p. 258, 
pl. 36, figs. 15-17. 
Pecten undenarius sp. nov; (QUENSTEDT, p. 321, 
pl. 44, fig. 14. 
Pecten personatus GOLDFUSS; QUENSTEDT, p. 337, 
pl. 46, figs. 21-24. 
Pecten pumilus LAMARCK; COQUAND, p. 64. 
Pecten amaltheus OPPEL;STOLICZKA, p. 198, pl. 6, 
fig. 7. 
Pecten pumilus LAMARCK; V. SEEBACH, p. 96. 
Pecten pumilus LAMARCK; WAAGEN, p. 630. 
Pecten Dumortieri sp. nov; JAUBERT, p. 234. 
Pecten penninicus sp. nov; NEUMAYR, p. 375, 
pl. 24, fig. 4. 
Pecten pumilus LAMARCK; BRAUNS, p. 396. 
Pecten pumilus LAMARCK; DUMORTIER, p. 195, 
pl. 44, figs. 1-5. 
Pecten Agathis sp. nov; GEMMELLARO, p. 107, 
pl. 13, figs. 3, 4. 
Pecten pumilus LAMARCK; TATE and BLAKE, 
p. 364. 
Pecten (Amussinm) incrustatus DEFRANCE; 
GEMMELLARO, pp. 163, 352. 
Pecten pumilus var. ergolus var. nov; DE GREG- 
ORIO, p. 670, pl. 1, fig. 10. 
Pecten (Amussinm) paradoxus MÜNSTER; 
BEHRENDSEN, p. 393. 
Amusinm paradoxum (MÜNSTER), MÖRICKE, 
p- 38. 
Pecten personatus GOLDFUSS; POMPECK], p. 779. 
Pecten cf. contrarius v. BUCH; POMPECK], p. 280. 
Pecten personatus GOLDFUSS; GREPPIN, p. 128. 
Pecten (Amusium) andium sp. nov; TORNQUIST, 
p- 31. 
Pecten (Amusium) personatus GOLDFUSS; BURCK- 
HARDT, p. 22, pl. 2, fig. 7. 
Pecten pumilus LAMARCK; DENINGER, p. 453. 
Amusium pumilus (LAMARCK); LISSAJOUS, p. 363, 
pl. 10, figs. 11, 12. 


1557 
in 


1912 Pecten (Variamussium) pumilus LAMARCK; DAL 
PıAZ, p. 246, pl. 1, fig. 14. 
1916 Variamussinm pumilum (LAMARCK); PARIS and 
RICHARDSON, p. 529. 
1916 Pecten pumilus LAMARCK; BORISSIAK and 
IVANOFF, p. 50, pl. 3, figs. 17, 18. 
1920  Pecten (Chlamys) Agathis GEMMELLARO; DARESTE 
DE LA CHAVANNE, p. 51. 
1923 Pecten (Amussinm) personatus GOLDFUSS; JODOT, 
p- 136, pl. 40, fig. 11a. 
1923 Pecten (Variamussinm) pumilus LAMARCK; ERNST, 
P2>5: 
1924 Pecten (Variamussium) personatus GOLDFUSS; 
HENNIG, p. 17, pl. 2, figs. 3-6. 
1926 Varıamussinm pumilum (LAMARCK); STAESCHE, 
p- 84. 
1926 Chlamys amalthei (OPPEL); STAESCHE, p. 62. 
1929 Pecten (Amussiunm) pumilus LAMARCK; LAN- 
QUINE, p. 132, 188. 
1936 Variamussium pumilum (LAMARCK); Cox, p. 19, 
pl. 1, fig. 18. 
1936 Variamussiunm pumilus (LAMARCK); DECHAS- 
EAUX, p. 65. 
non 1938 Variamussinm pumilum (LAMARCK); WEIR, p. 50, 
pl. 3, fig. 21. 
1950 Variamussinm pumilum (LAMARCK); CHANNON, 
p- 248. 
1965 _ Amussinm pumilum (LAMARCK); DAHM, p. 29. 
1966 Variamussium pumilum (LAMARCK); BEHMEL and 
GEYER, p. 28. 
non 1973 _ Chlamys (Aequnipecten) amalthea (OPPEL); LEN- 
TINI, p. 27, pl. 15. fig. 9. 
1974 _ Propeamussium (Parvamussium?) geelvinki sp. 
nov; SKWARKO, p. 80, pl. 26, figs. 2, 3. 
1977 Paramussinm pumilns (LAMARCK); DIETL, pl. 2, 
fig. 3. 
1978  Parvamussinm pumilus pumilus (LAMARCK); 
HOLDER, p. 4, pl. 5, fig. 6, text figs. 1-3. 
1978 Parvamussium pnumilus atlasense subsp. nov; 
HÖLDER, p. 7, pl. 1, figs. 1-5, text fig. 4. 
1978 Parvamussium personatum (GOLDFUSS); HÖL- 
DER, p. 9, pl. 1, figs. 6-9, pl. 2, figs. 14, pl. 4, 
figs. 1-6, text figs. 1, 5, 7 (pars), 8. 
? 1978 Parvamussium aff. personatum (GOLDFUSS); 
HÖLDER, p. 20, pl. 5, figs. 14, text fig. 11. 
? 1978 Parvamussium dumortieri sp. nov; HÖLDER, 
P.22, pl.A,tıg. 7. 


Lectotype of Pecten pumilus Lamarck 1819, 
p- 183 designated by HöLper, 1978, p. 4, text 
fig. 2a; MN unnumbered; H: 6.1, L: 5.5; 
?Toarcian, Swabia (HöLper, 1978); one of 
five syntypes preserved inMN. 


1. ORIGINAL DIAGNOSIS AND DESCRIPTION 


‘P. testa minima, rotundata-ovata radııs 10 ad 12.” 


2. AMENDED DIAGNOSIS 


Distinguished from P. (P.) laeviradiatum by the larger 
modal number of internal costae, relatively insignificant dor- 
sal extension of the auricles beyond the hinge-line and by the 
finer and more numerous costae on the left valve. Disting- 
uished from P. (P.) nonarium by the lack of intercalary inter- 
nal costae and by the termination of the internal costae some- 
what closer to the ventral margın. 


Text fig. 9: Propeamussium (P.) pumilum — frequency distribu- 
tion for number of internal costae. 


3. AMENDED DESCRIPTION 


Disc sub-ovate, higher than long at all sizes, maximum 
height 42 mm (Dumorrier, 1874). Umbonal angle very vari- 
able (text fig. 10) increasing slightly during ontogeny. Disc 
flanks low. 

Equilateral, equivalve, low convexity. 


Intersinal distance greater in left valve than right. Small 
byssal notch becoming relatively smaller during ontogeny. 


Auricles well demarcated from disc, moderate in size, an- 
terior slightly larger than posterior. Dorsal margin of right 
anterior auricle extended slightly beyond hinge line. Posterior 
auricles meeting hinge line at an obtuse-right angle, anterior 
auricles meeting hinge line at an acute-right angle. Anterior 
auricle of right valve meeting disc at a right angle, other auri- 
cles meeting disc at an acute angle. 


Shell thin. Shell structure consisting of a maximum of 5 
layers (HöLper, 1978) with the fourth and fifth developed 
only on the left valve. Innermost layer (layer 1) of comargi- 
nally orientated crystallites overlying radıally orientated crys- 
tallites of layer 2, which ıs locally thickened to form radial 
costae, 9-13 in number (text fig. 9), terminating at about 5/6 
total height. Layer 3 of similar structure locally thickened to 
form comarginal striae. Layers 4 and 5 composed of unor- 
dered erystallites locally thickened to form a reticulate orna- 
ment with intercalary striae, closer in layer 5. 
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Text fig. 10: Propeamussium (P.) pumilum - length/umbonal 
angle. 


4. DISCUSSION 


Hörer (1978) has recently located five syntypes of ‘P.’ 
pumilus LamAarck (MN) and shown them to be typical rep- 
resentatives (with 11 internal costae) of the species with 9-13 
internal costae described in section 3. ‘P.’ paradoxus Muns- 
TER is simply representative of the less common variants with 
up to 13 internal costae. ‘P.’ personatus GoLDFUss was said to 
include forms with up to 14 internal costae but since the type 
material was destroyed in the 2nd. World War, this cannot be 
confirmed. Höıper’s (1978) opinion that MUNSsTERr’s species 
(from the Toarcian) and Goıpruss’s species (from the Aal- 
enian) can be distinguished by the lack ofa byssal notch, equal- 
ity ofthe auricles, lack of dorsal extension of the anterior auri- 
cle of the right valve and perpendicular posterior margin of 
the posterior auricle in the former species is not vindicated by 
the original figures. Neither does there seem to be any mater- 
ial evidence to support HöLper’s claim amongst the generally 
incompletely preserved syntypes of ‘P’. paradoxus (GPIB 
611b, 6llc; e. g. Pl. 1, figs. 3, 9). Höwper’s distinction of 
Toarcıan from Aalenıan forms on the basıs of UA (105°-120° 
cf. 90°-100°) ıs invalid since STAESCHE (1926) cıtes a Toarcıan 
specimen with UA: 96°. On his own admission slight differ- 
ences ın shell structure may well be due to imperfect preserva- 
tion. 


The author has been unable to trace the original descrip- 
tions of ‘P.’ intusradiatus MUNSTER, ‘P.” intusstriatus MUns- 
TER and ‘P.” contrarius v. Buch but Höuper has figured one of 
the syntypes (HM) of the latter, showing it to be indisting- 
uishable from Propeamussium (P.) pumilum, and included the 
others in synonymy with LAMarcK’s and GOLDFUSS’ species. 
Weir’s (1938) record of ‘Variamussium’ pumilum is however 
more reminiscent of Radulopecten vagans while Morris and 
Lycert’s (1853) record of ‘Pecten’ personatus from the 
Bathonian has been shown by Cox and Arkeıı (1948) to refer 
probably to specimens of Camptonectes. 


The syntypes of ‘P’. amalthei Opreı (BSPHG) are very 
poorly preserved but one specimen (BSPHG AS VIII 166; Pl. 
l, Fig. 8) shows 10 clear internal costae which, combined 
with the characteristic left valve exterior ornament, leaves lit- 
tle doubt that it should be included in P. (P.) pumilum. 
StoLıczka’s (1861) record of Orrer’s species is almost cer- 
tainly amisnomer for Chlamys (Ch.) textoria while Lentinı’s 
(1973) record resembles Ch. (Ch.) pollux. ‘P.” Agathis GEn- 
MELLARO was said to be close to Opper’s species and the de- 
scription of asymetric right and left valve ornament confirms 
the similarity. 


‘P.” Dumortieri JAUBERT was erected without diagnosıs for 
an unfigured specimen from Var (Provence) designated as 
‘P.’ personatus by Dumorrier. It was said to resemble the lat- 
ter in its internal costation and seems likely to have been one 
of the typically large specimens of P. (P.) pumilum_ fre- 
quently recorded from Var. HöLper’s use of dumortieri for a 
specimen (MHNL 9075) referred to ‘P.’ pumilus by Dumor- 
TIER (1874) must now be rejected as a secondary homonym in 
Propeamussium. The specimen may however be worthy ofa 
specific distinetion on account of its UA (more than 125°). 


‘P.’ penninicus NEUMAYR from the Oxfordian resembles P. 
(P.) pumilum in apparently having I 1 internal costae but dif- 
fers in the unusually strong reticulate ornament on the left 


valve. Hörner (1978), who has studied the types in Vienna, 
considers however that this may be due to abrasion and refers 
another similar specimen from the same stage to “‘Parvamus- 
sum’ aff. personatum. 


‘P’. undenarius QUENSTEDT and P. (‘Pa’?) geelvinki 
SkwarKo with 11 and 12 internal ribs respectively show no 
obvious differences from P. (P.) pumilum 
‘P.’ Paronae DE GrEGoRIO ıs only known from two speci- 
mens, both less than 5 mm in height, there can be little doubt 
as to the affınıties of the species. ‘Pa.’ sp. HöLDER ıs only dis- 
tinguished by its low UA (90°) which by the evidence of the 
figure seems to be the result of abrasion. 


and while 


‘P.’ (Amusium’) andinm Tornauist was based on speci- 
mens collected and referred to ‘P.’ pumilus by GOTTScHE 
(1878) which were said to differ from the latter species by the 
lack of radial ornament. It seems highly likely that they were 
merely the right valves of P. (P.) pumilum. 


Mention of 11 internal costae in the original description of 
‘P.” incrustatus DEFRANCE strongly suggests that the species ıs 
synonymous with ?. (P.) pumilum. 


5. STRATIGRAPHIC RANGE 


P. (P.) pumilum is recorded from the U. Pliensbachian of 
England (BM L94170-3, SM ]J42033), France (LANQUINE, 
1929), Germany (Brauns, 1971; Oprer, 1853), Sıcıly (GEn- 
MELLARO, 1874), Algeria (DARESTE DE LA CHAVANNE, 1920), 
Chile (Mörıcke, 1894), and Spain (BEHMEL and GEYER, 1966). 
The latter authors also record the species as occurring rarely in 
the L. Pliensbachian but since there are no supporting fig- 
ures, some doubt must remain. Other than ın the U. Pliens- 
bachıan of E. Spain and Sıcily, P. (P.) pumilum is rare before 
the Toarcian. The species is thereafter locally common until 
the L. Bajocıan but definite U. Bajocian records are com- 
pletely lacking. Bathonıian records are limited to DECHASEAUx 
(1936), DeninGer (1907) and Daı Pıaz (1912) but only the lat- 
ter produces unequivocal evidence of a Bathonian specimen in 
the form of afigure. Greprin’s (1898) record from the “Grande 
Oolithe’ of Switzerland was re-assigned to the Sauzei zone 
(L. Bajocıan) by SrtazscHE (1926) and Morris and Lycertt’s 
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(1853) record from the Great Oolite was shown by Cox and 
Arkeıı (1948) to be unsupported by any material correspond- 
ing to their description (see Section 4). It is clear that ?. (P.) 
pumilum is a rare species after the L. Bajocian and occur- 
rences after the Bathonian are limited to two equivocal speci- 
mens from the Oxfordıian of the Balkans (NEumarr, 1871) and 
a further one from the same stage in Swabia (HöLper, 1978). 


6. GEOGRAPHIC RANGE 


P. (P.) pumilum ıs widespread ın Europe (text fig. 11) and 
on a world scale spans a palaeolatidudinal range of about 40° 
(text fig. 12). Although very cosmopolitan the species is not 
known worldwide, contrary to the opinion of STAESCHE 
(1926). There are notable absences in the L. Jurassic of 
Australasia and western N. America despite the widespread 
development of appropriate sedimentary facies (see Section 8) 
in these regions. Yet, wherever P. (P.) pumilum arose, migra- 
tion must have occurred between Europe and $. America 
duringtheL. Jurassic to explain the observed distribution but 
the most obvious migration routes (via N. America/ Arctic, 
and via the W. Pacific) are precluded because of the lack of 
fossil evidence en route. Harram (1973) considered that the 
distribution of the aberrant pectinid Weyla, restricted to the 
western margins of the Americas in the L. and M. Lias but 
also occurring in the Ethiopian Province in the U. Lias, indi- 
cated the development of a marine connection between 
Argentina, Antarctica and $. America in the Toarcian. The 
distribution of the ammonite Bonleiceras, restricted to the 
Ethiopian Province and S. America in the L. Toarcian (Hıtr- 
BRANDT, 1973) supports such a view and it seems also to pro- 
vide a good explanation for the distribution of P. (P.) 
pumilum. However, occurrences of the speciesintheM. Lias 
of both Chile (Mörıcke, 1894) and Europe indicate that a 
marine connection was established at least by the U. Pliens- 
bachian while occurrences of Weyla in the Jamesoni zone of 
Spain (Dusar, 1925) indicate a seaway ın the L. Pliens- 
bachian. 

DAMBORENEA and MANCENIDO (1979) consider that the latter 
occurrences in fact indicate the existence of a direct marine 
connection (through central America) during the Lias. 
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Text fig. 11: Propeamussium (P.) pumilum — European distribution. 
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During the Bajocian P. (P.) pumilum extended its range 
along the southern margins of Tethys but was still unable to 
penetrate Asia or western N. America despite the undoubted 
development of a marine connection between the latter and 
Europe by this time (Harram, 1975a). This strongly suggests 
an ecological exclusion and the aviculopectinid Otapıria, re- 


stricted to the Pacific region (HarLam, 1977) and occurring in 
comparable facies, may have competitively restricted P. (P.) 
pumilum. 

The broad distribution of P. (P.) pumilum provides some 
support for the view (see Section 8) that the species may have 
had a pseudo-planktonic mode of life. 


Text fig. 12: Propeamussium (P.) pumilum — World distribution (Pliensbachian reconstruction). 


7. DESCRIPTION OF ECOLOGY 


P. (P.) pumilum first occurs commonly in U. Pliens- 
bachıan marls in E. Spain and Sicily where it occurs with Zi- 
ma, Oxytoma and Placunopsis together with abundant 
brachiopods, gastropods and cephalopods. It subsequently 
becomes very abundant at certain horizons intheL. Toarcian 
bituminous shales (Posidonienschiefer) of S. W. Germany, 
notably above the Oberer Stein at Göppingen where it forms a 
shell bed. The associated fauna is largely restricted to abun- 
dant Bositra bronni and Psendomytiloides dubius together 
with ammonites and belemnites. The maximum height of 
9.5 mm (GPIT) is less than in contemporaneous deposits in 
N. Germany (STAESCHE, 1926) while specimens from Var 
(Provence) reach a height of 42 mm (Dumorrier, 1874). 


The species is less common in the U. Toarcıan but occurs in 
the condensed sands and ironstones of Lower Saxony (ERNST, 
1923). 

In the Opalinum zone (Aalenian) P. (P.) pumilum occurs 
fairly commonly in the Northampton Sand Ironstone, a 
chamosite oolite, in association with a diverse bıvalve fauna 
including Camptonectes (C.) auritus, Eopecten abjectus, En- 
tolium, Lima, Gervillia, Myophorella, Ceratomya and As- 
tarte. Subsequently it occurs commonly in the Murchisonae 
zone of S. Germany which is developed in the same facies. 
Goıpruss’ synonym has provided a name for one terrigenous 
intercalation into the sequence of Aalen (the Personaten- 
sandstein) where P. (P.) pumilum crowds the bedding planes 
to the virtual exclusion of other fossils. The maximum height 
attained is 16 mm (GPIT). 


In the Aalenıan of the Cotswolds P. (P.) pumilum occurs 
sporadically in all the oolitic horizons. In the Murchisonae 


zone at Cornwell (Oxon.) it is found very abundantly in alow 
diversity shell bed (SyLvesrer-BRADLEY, 1968). IntheL. Bajo- 
cıan of the same region it locally forms shell beds in the Not- 
grove Freestone. 


P. (P.) pumilum is not known to be common elsewhere and 
itis conspicuously rare in the deep water pelagic limestones of 
the peri-Mediterranean region. 


It is clear from the foregoing that there is an inverse correla- 
tion between the abundance of P. (P.) pumilum and the diver- 
sity ofthe associated fauna. It is however found in a wide vari- 
ety of sedimentary facies although P. (P.) laeviradiatum is a 
rare associate. Most accumulations of P. (P.) pumilum con- 
sist of disarticulated valves but the incidence of abrasion and 
breakage is low enough to suggest minimal transport from the 
life position. 


8. INTERPRETATION OF ECOLOGY 


P. (P.) pumilum forms part of the faunal association which 
characterises laminated bituminous shales (HarLam, 1976) 
and whose low diversity is thought to be indicative of 
anaerobic or near-anaerobic conditions close to the sea floor. 
The principle formation of this type in which ?. (P.) pumilum 
occurs (the Posidonienschiefer) is dominated by the bivalves 
Bositra and Pseudomytıloides together with ammonites and 
belemnites. The last two were almost certainly planktonic and 
thus independent of bottom conditions. Psendomytiloides is 
frequently found in large numbers around driftwood to 
which Pentacrinus is also attached (Haurr, 1953) and it has 
been suggested that the inoceramid gained independence of 
the sea floor by adopting a byssate, pseudoplanktonic mode 
of life. Floating seaweed is invoked as a substrate to explain 


accumulations of Psendomytiloıdes in the absence of drift- 
wood. A planktonic mode of life has also been suggested for 
Bositra (JEFFERIEs and Mınton, 1965) based largely on its in- 
dependence of sedimentary facies and presence in areas where 
benthos is sparse, such as euxinic black shales and deep water 
pelagic limestones. JEFFERIEs and MınTon favour a genuinely 
planktonic, rather than pseudoplanktonic, mode of life for 
Bositra, owing to the lack of shell features indicative of byssal 
attachment. The association of P. (P.) pumilum with this 
supposedly planktonic fauna has led to a persistent belief 
among German palaeontologists (dating back to Haurr, 1921) 
that this species was likewise planktonic. Haurr considered 
that P. (P.) pumilum was byssate and thus if epibenthic at the 
mercy of fluctuating bottom conditions. He therefore con- 
cluded that it must be pseudoplanktonic in the 
Posidonienschiefer, ignoring the fact that byssate pectinids 
may still unattach themselves and escape from locally un- 

favourable bottom conditions by swimming. STAESCHE (1926) 
also considered that the smaller size of specimens from the 
Posidonienschiefer was a reflection of byssal attachment to 
floating seaweed, with the implication that the byssus was only 
strong enough to support small individuals. However, Recent 
byssally suspended pectinids (e. g. Gloripallium pallium) 

commonly reach a height of 60 mm (Water, 1972b) and it 
seems much more likely that small size in the Posidonien- 

schiefer was the result of oxygen deficiency, all the bivalves 

being less than 30 mm in height. At present it cannot be 

said whether low oxygen tension directly caused stunting or 

simply led to high juvenile mortality. 


A. SEILACHER (pers. comm., 1977) reports that P. (P.) 
pumilum has been found associated with driftwood but the 
author’s field observations provide no confirmation of this. 
More telling evidence against a pseudoplanktonic mode of life 
is provided by the rarity of P. (P.) pumilum in the deep water 
pelagic limestones in which Bositra is common. This is con- 
trary to expectation for a pseudoplanktonic bivalve and it is 
the author’s impression that unlike Bositra and Psen- 
domytiloides, P. (P.) pumilum does not occur uniformly 
throughout the Posidonienschiefer but is concentrated at a 
few levels, suggesting a dependence upon bottom conditions. 
Harram (1976) has emphasised that truly anaerobic condı- 
tions may only have existed within the sediment and that just 
above the sediment/water interface there was occasionally 
enough oxygen to support a eurytopic fauna. Indeed truly 
epibenthic organisms (Psendodiadema and rhynchonellid 
and discinid brachiopods) are known from the 
Posidonienschiefer and Kaurrman (1978) has now made the 
suggestion that even Bositra and Pseudomytiloides may have 
lived on or only slightly above the sea floor. 


There is no evidence for a pseudoplanktonic mode of life in 
living Propeamussinm. Knuosen (1967) reports both pelagic 
and benthonic organisms in the stomach contents of 
P. sibogai and considers that the pelagic fraction was proba- 
bly captured during swimming activity. Most of the known 
species have been dredged from the sea bed in the bathyal and 
abyssal zones and appear to have been free living rather than 
byssate when adult (Knupsen, 1967, 1970). WALLEr (1971) 
reports no trace of a pedal retractor muscle scar in extant 
species. The only Recent pectinid known to have a pseudo- 
planktonic mode of life is Leptopecten latiauritus monotimeris 
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(see CLark, 1971). It resembles P. (P.) pumilum in its small 
size but differs in its strong prosogyrous inclination, a feature 
considered to be characteristic of aloosely suspendes mode of 
life (Kaurrman, 1969). 


It may therefore be concluded from the foregoing that P. 
(P.) pumilum was epibenthic and unattached for most of its 
life and able to live on a wide variety of substrates under vari- 
able conditions of oxygen tension and turbulence. Its particu- 
lar abundance in association with low diversity faunas indi- 
cates an opportunistic adaptive strategy (LEvınron, 1970). 
Mutual exclusion from P. (P.) laeviradiatum (see p. 31) 
may have been due to competition. 


The large size of specimens from Var compared to those 
from more northerly palaeolatitudes may be the result of en- 
hanced growth rates due to increased temperature, as has been 
observed in Recent bivalve species on approaching the 
equator (Nıcor, 1967). Such an effect coupled with the pattern 
of ontogenetic increase inthe number of radial striae could ac- 
count for the relatively coarse ornament in large specimens 
from Morocco (HöLDer, 1978). 


9. FUNCTIONAL MORPHOLOGY 


The small adult size, thin shell, low convexity, subdued or- 
nament, ontogenetic decrease in the relative size of the byssal 
notch and ontogenetic increase in the umbonal angle place ?. 
(P.) pumilum close to a paradıgm for a short byssate juvenile 
phase followed by a reclining/swimming phase in a low 
energy environment. Such a mode of life is well in accord with 
the palaeoecology of the species in such deposits as the 
Posidonienschiefer. The species appears to have been less well 
adapted to the higher energy environments in which it occurs 
(e. g. cross bedded oolites and sandstones) but was presuma- 
bly able to survive frequent burial and disturbance by the 
swimming response. 


10. ORIGINS AND EVOLUTION 


If it is assumed (see p. 32) that P. (P.) laeviradiatum ıs 
the descendant of P. (P.) pumilum (rather than vice versa) 
then there remain no plausible ancestors for P. (P.) pumilum 
in the Jurassic. The U. Palaeozoic genus Pernopecten seems, 
by the evidence of shell structure, to be the ultimate source of 
Mesozoic Propeamussium (WALLER, 1971). 


There are no obvious phyletic trends in ?. (P.) pumilum. 
Specimens derived from the same limestone facies (to rule out 
ecophenotypic variation) show a phyletic reduction in max- 
imum height from 42 mm in the L. Toarcian (DUMORTIER, 
1374) to 23 mm in the Aalenıan (OUM ]14491) to 18 mm in 
theL. Bajocıan (YM 502) but these specimens also lieon aS-N 
line (from respectively S. France to $. England to N. Eng- 
land) so it is possible that a latitudinal temperature gradient 
may be the causal factor (see Section 8). However, a phyletic 
reduction in maximum height would be concordant with the 
evidence from eurytopy and opportunism which indicates the 
general prevalence of ‘r’ selection (Gouıp, 1977). 


No convincing deterministic explanation is available for the 
post L. Bajocian decline of P. (P.) pumilum. 


Propeamussinm (Propeamussium) laeviradiatum 
(WAAGEN 1867) 


Pl. 1, Figs. 5, 6, 10, 12; text figs. 13-17 


Synonymy 
v* 1867  Pecten laeviradiatus sp. nov.; WAAGEN, p. 633, 
pl. 31, figs. 4a, 4b. 
1883 Pecten cornutus QUENSTEDT; WHIDBORNE, p. 498, 
pl. 16, figs. 1, 2, 2a (non QUENSTEDT sp). 
1883 Pecten laeviradiatus WAAGEN; \WHIDBORNE, 
p. 500. 
v” 1883 Pecten fenestralis sp. nov.; WHIDBORNE, p. 500. 
1886 Pecten (Amusium) subpersonatus sp. nov.; VACEK, 
p=111%pl219, figs. 5, 6. 
1886d Pecten Animensis sp. nov.; DE GREGORIO, p. 21, 
pl. 13, figs. 8, 10-12, 16. 
1893 Pecten (Amusium) subpersonatus VACEK; BOTTO- 
MiccaA, p. 174. 
1898  Pecten dionvillensis sp. nov.; BENECKE, p. 25, 
pl. 1, fig. 4. 
1916 Variamussinm fenestrale (WHIDBORNE); PARIS 
and RICHARDSON, p. 528. 
v 1916 Variamussium laeviradiatum (WAAGEN); PARIS 
and RICHARDSON, p. 528, pl. 44, figs. la-c. 
v 1926 Variamussium laeviradiatum (WAAGEN); 
STAESCHE, p. 86, pl. 6, figs. 8, 9. 
1929 Pecten (Amusium) laeviradiatus \WVAAGEN; 
LANQUINE, p. 200. 
? 1942 Pecten (Variamussium) coloradoensis \WEAVER; 
LEANZA, p. 176, pl. 7, figs. 3, 5, pl. 10, fig. 3. 
(?) 1959 Variamussium habunokawense KIMURA; TAM- 
URA, p. 60, pl. 6, figs. 20-22. 
(?) 1961 Propeamussium  habunokawensis  (KIMURA); 
HAYAMI, p. 255. 
? 1972 Parvamussinm (Parvamussinm) donaiense MAN- 
suy; HayaMmı, p. 197, pl. 34, figs. 11, 12, 
pl. 38, figs. 6, 7. 
1978 Varientolium cf. laeviradiatum (WAAGEN); 


HOLDER, p. 23, text fig. 10d, pl. 3, fig. 6. 


Lectotype of Pecten laeviradiatus WAAGEN 
1867, p. 633, pl. 31, figs. 4a, 4b designated 
herein; BSPHG AS XXI 29; Pl. 1, Fig. 5 
herein; Bajocıan, ‘Sowerbyi’ zone (Discites- 
Laeviuscula zones); Gingen, Württemberg. 
Paralectotypes; the 3 other syntypes 
(BSPHG); also ‘Sowerbyi’ zone, Gingen. 
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1. ORIGINAL DIAGNOSIS AND DESCRIPTION 


‚Flachgewölbte Schalen, beide Klappen gleich, auf denen 
vom Wirbel sieben scharfe mit senkrechten Seiten abfallende 
Rippen ausstrahlen. In gewissen Entfernungen vom Wirbel 
setzen sich anfangs haarfein, dann stärker werdend, genau die 
Mitte zwischen den vorhergehenden haltend, neue Rippen 
ein, und so mehrmals, so daß man am Rande 30 und mehr 
Strahlenrippen zählen kann. Diese Rippen haben auf ihrem 
Rücken eine von Kanten begrenzte ebene Fläche, die voll- 
kommen glatt, ohne eine Spur von Anwachsstreifen ist. Auf 
den ganz flachen Zwischenräumen aber bemerkt man äußerst 
feine concentrische Anwachsstreifen. 
durchaus glatt. 


Der Steinkern ist 
Nicht selten und sehr bezeichnend für die Zone des Amm. 
Sowerbyi von Pommer (Franken), Gingen (Württemberg), 
Aselfingen (Baden), Betzenau und Schambelen (Canton Aar- 
gau). 
Scheint im Pariser, Nordenglischen und Norddeutschen 
Becken zu fehlen.‘ 


2. AMENDED DIAGNOSIS 


Distinguished from all other species of P. (Propeamus- 
sium) by the horn-like dorsal extensions of the right valve au- 
ricles and by the generally coarser ornament. 
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Text fig. 13: Propeamussium (P.) laeviradiatum — height of anter- 
ior auricle dorsal of hinge line/height. 
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Text fig. 14: Propeamussium (P.) laeviradiatum — number of 


external costae on left valve/height. 
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3. AMENDED DESCRIPTION 


Essentially similar to ?. (P.) pumilum but differing by the 
diagnostic horn-like auricles (Pl. 1, Fig. 12) which increase in 
height from about 3 mm (H: 10) to 6 mm (H: 28), maximum 
6.5 mm (text fig. 13). Also differing in the tendency to de- 
velop a sub-orbicular disc (text fig. 15) near the maximum 
height of 30 mm (BM 142019), in the slightly smaller mean 
L/UA (text fig. 16), in the smaller modal number of internal 
costae (9, range 9-10) and in the less numerous radial costae 
on the left valve (13-27 atH: 10, increasing by intercalation to 
a maximum of 37 at H: 30 [text fig. 14]) which sometimes 
form a reticulate pattern with the comarginal striae (Pl. 1, 
Fig. 6). The shell is somewhat more robust than that of ?. (P.) 
pumilum but still fairly thin. 


4. DISCUSSION 


The earliest available name for the species described in Sec- 
tion 3 is ‘Pecten’ laeviradiatus Waagen. Although the four 
syntypes (BSPHG), all left valves, are seen only from the ex- 
terior there can be no doubt that they possess the internal cos- 
tae ofthe species described above; external costation and met- 
ric proportions (1) are within the range of the latter. A lec- 
totype (BSPHG AS XXII 29; Pl. 1, Fig. 5) is herein desig- 
nated. 


WHIDBORNE (1883) thought that the smooth right valves of 
Propeamussium (P.) laeviradıatum belonged to a separate 
species and referred them to ‘Pecten’ cornutus (QUENSTEDT 
(1858). It was the present author’s previous opinion (JOHN- 
son, 1980) that the single known type of QUENSTEDT’s species 
(from the Oxfordian) is in fact a late representative of P. (P.) 
laeviradiatum. However, re-examination of the specimen 
(GPIT 4-74-10; Pl. 1, Fig. 11) has failed to confirm the exis- 
tence of the internal costae previously thought to have been 
present and while metric proportions (2) are largely indisting- 
uishable from ?. (P.) laeviradiatum it now seems likely that 
the specimen is an example of Entolium. Nevertheless other 
specimens with internal costae and left valve ornament identi- 
cal to that of P. (P.) laeviradiatum are known from the U. 
Jurassic. ‘Variamussium’ habunokawense Kımura; TAMURA 
from the U. Jurassic of Japan seems indistinguishable from 
P. (P.) laeviradiatum but since the stratigraphic horizon (cf. 
Section 5) is so high and it is not yet clear whether the charac- 
teristic dorsally extended right valve auricles of P. (P.) 
laeviradiatum are present it is perhaps unwise to assume that 
this form is conspecific. Kımura’s original description has 
proved impossible to trace. 


‘P.’ fenestralis WHIDBORNE was separated from ‘P.’ 
laeviradiatus on the basıs of strong comarginal ornament on 
the left valve and a larger number of internal costae. However 
WAAGEN’s original description in fact specifies comarginal or- 
nament. Museum specimens show a variable development of 
this feature (Pl. 1, Figs. 5, 6) and it seems likely, as indeed 
WHIDBORNE suggested, that this is due to differing amounts of 
post-mortem abrasion. WHIDBorne’s figured specimen of ‘P.” 
fenestralis (SM J4758) is seen only from the exterior and there 
is no other appropriately preserved material to evidence 
WHIDBORNE’s claim of up to 12 internal costae in this species. 
‘P.” fenestralis is also inseparable by its metric proportions 
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Text fig. 15: Propeamussium (P.) laeviradiatum — heighv/length. 


‘P.’ (*Amusium’) subpersonatus VACEK was said to possess 
only 7 internal costae. However, these could only be seen 
through the right valve and so the number may be an under- 
estimate. The left valve exterior ornament is identical to that ın 
Propeamussinm (P.) laeviradıatum. Dorsally extended auri- 
cles are absent in the figured specimen but this is clearly due to 
breakage. 


‘P.’ Animensis DE GREGORIO was erected for specimens 
which Vacex referred to ‘P.’ (‘Amusium’) subpersonatus but 
of which only the exterior of the left valve was visible. The or- 
nament is however identical to that of P. (P:) laeviradıatum. 
Similarly, ‘P.’ dionvillensis BENECKE can be assigned to the 
latter species even though only the exterior of the left valve ıs 
figured. 


It has been impossible to trace the original description of 
‘P.” (‘Variamussinm’) coloradoensis WEAvER but LEANZA’S 
(1942) description of the latter, specifying 13-19 external cos- 
tae increasing by intercalation and an umbonal angle of 
105-115°, is indistinguishable from P. (P.) laeviradiatum. 
However, the figures do not reveal any sign of the horn-like 
aurıcles and this fact together with the anomalously early 
stratigraphic horizon (Oxynotum zone) casts doubt on the af- 
finity of ‘P.’ (‘V.”) coloradoensis with P. (P.) laeviradiatum. 
The original description of ‘Parvamussium’ (‘Pa.’) donaiense 
Mansuy is also untraceable. Hayamı’s (1972) description of 
the species from the Toarcian of Vietnam specifies that the 
only difference from P. (P.) laeviradiatum is the presence of 
fewer (7 or 8) internal costae. In the absence of sufficient mat- 
erial to make an adequate assessment of variation in this 
character it is impossible to judge whether such forms should 
be accorded specific status. They may merely be geographic 
variants. 


5. STRATIGRAPHIC RANGE 


Apart from a dubious record from the Sinemurian (see Sec- 
tion 4), the earliest record of P. (P.) laeviradiatum is a single 
specimen (BM LL1579) from the U. Pliensbachian of Vieux- 
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pont (Normandy). Only one museum specimen (BM un- 
numbered, from Beaminster, Dorset) is known from the 
Toarcıan but WHIDBORNE (1883) records the species from the 
U. Toarcıan of Yeovil, Somerset where the appropriate facıes 
(see Section 8) are well developed. Hayamı (1972) records a 
closely related, if not conspecific form (see Section 4), from 
the Toarcıan of Vietnam. 


P. (P.) laeviradiatum ıs locally common in the Aalenian 
and in the Bajocıan until the Laeviuscula zone (L. Bajocian). 
There are no records from the U. Bajocıan and Bathonian rec- 
ords are limited to 3 specimens (BM L97035-7) from Stroud, 
Gloucestershire whose HAAD/H (4) is inseparable from P. 
(P.) laeviradiatum, but whose high L/UA may imply a 
specific distinction. Specimens from Japan referred to by 
TamurA (1959) and Hayamı (1961) may constitute records 
from the U. Jurassic (see Section 4). 
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Propeamussium (P.) laeviradiatum — length/umbonal angle. 


6. GEOGRAPHIC RANGE 


P. (P.) laeviradiatum occurs sporadically over a large part 
ofthe European region (text fig. 17). Its distribution is almost 
certainly related to the localised development of appropriate 
sedimentary facies (see Section 8). Material from Argentina 
(Leanza 1942), Vietnam (Hayamı 1972) and Japan (TamURA 
1959, Hayamı 1961) may evince an extra-European distribu- 
tion (see Section 4). 


7. DESCRIPTION OF ECOLOGY 


In Europe P. (P.) laeviradiatum first occurs commonly in 
condensed sandy limestones of the Opalinum zone in Dorset, 
where it attaıns a maximum height of 30 mm (BM 142019). 
The associated benthic fauna is dominated by the bivalves 
Psendopecten (Echinopecten) barbatus, Eopecten, Ctenos- 


Text fig. 17: 


Propeamussium (P.) laeviradiatum — European distribution. 


treon, Neocrassina and Placunopsis and the gastropod 
Pseudomelania together with abundant brachiopods of the 
form genera ‘Rhynchonella’, ‘Terebratula’ and ‘Zeilleria’. P. 
(P.) laeviradiatum also occurs in a similar sedimentary and 
faunal association, albeit somewhat less commonly, in the 
Murchisonae and Concavum zones of S. England. It is, how- 
ever, absent from the Northampton Sand Ironstone 
(Opalinum zone) where P. (P.) pumilum and Entolium (E.) 


corneolum are common. 


P. (P.) laeviradiatum is recorded commonly with Ps. (Ec.) 
barbatus in the Aalenıan sandy limestones of Provence (Lan- 
QUINE, 1929) but is absent from the Aalenıan of S. Germany 
where the stage is developed in sands and shales overlain by 
chamositic ironstones containing abundant ?. (P.) pumilum 
and E. (E.) corneolum. However, in the L. Bajocıan of 
S. Germany P. (P.) laeviradiatum is found common|y in the 
Sowerbyi-Banke (Discites and Laeviuscula zones) where it 
reaches a maximum height of 22.5 mm (GPIT). The sedi- 
ments are condensed marly oolites containing a diverse 
bivalve fauna but few ammonites. In limonitic sandy lime- 
stones of equivalent age in the Bristol district P. (P.) 
laeviradiatum is also common in association with an abun- 
dant and diverse fauna of ammonites, bivalves and 
brachiopods. 


The only records from the peri-Mediterranean region are 
from Provence (see above) and the Aalenıan of the Italian Alps 
(Borro-Mıcca, 1893; DE GrEGORIO, 1886d; VAcEK, 1886) 
where the sediments are condensed limestones, probably 
formed on a submarine rise. The associated fauna consists of 
abundant ammonites and brachiopods, small gastropods and 
morerarely the bivalves Ps. (Ec.) barbatus, E. (E.) corneolum 
and Eopecten. 


8. INTERPRETATION OF ECOLOGY 


The coarse — grained condensed deposits in which ?. (P.) 
laeviradiatum occurs most commonly are indicative of high 
energy conditions with a low sediment input. The occasional 
presence of locally derived conglomerates (e. g. Opalinum 
zone in Dorset) indicates active erosion while limonitic over- 
growths suggest periods of non-deposition. The fauna as- 
sociated with P. (P.) laeviradiatum exhibits a range of adap- 
tations for achieving stability in high energy conditions. Ps. 
(Ec.) barbatus possesses a strongly spinose right valve which 
probably served to grip the sediment and prevent current 
scour (see p. 83). Eopecten has an exceptionally deep byssal 
notch which indicates that byssal fixation could have been 
maintained throughout ontogeny. Ctenostreon has a thick 
shell whose weight would have resisted overturning by cur- 
rents. The terebratulid and rhynchonellid brachiopods were 
all attached by means of a pedicle which probably performed 
the same stabilising function as the byssus in Eopecten. Con- 
trary to Runpwıck’s (1970) opinion, THAYER (1975) has shown 
that the pedicle attachment strengths of both terebratulid and 
rhynchonellid brachiopods compare favourably with byssate 
bivalves and are sufficient to anchor the animal in very high 
energy environments. The paucity of infauna in deposits con- 
tainıng P. (P.) laeviradiatum may be due to the difficulty of 
avoiding exhumation by current scour. 
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P. (P.) laeviradiatum is rarely found with the closely re- 
lated eurytopic species P. (P.) pumilum nor is the mor- 
phologically similar pectinid Entolium (E.) corneolum a 
common associate. However, both of the latter species occur 
in condensed chamosite oolites whose depösitional environ- 
ment (high energy, low siliciclastic input) would appear to 
have been ideal for P. (P.) laeviradiatum. The absence of P. 
(P.) laeviradiatum from such facıes is therefore strongly sug- 
gestive of competitive exclusion by either or both of P. (P.) 
pumilum and E. (E.) corneolum. This factor together with an 
intolerance of high rates of sedimentation probably accounts 
for the lack of P. (P.) laeviradıatum in S. Germany before the 
Bajocıan. The rarity of the species in the peri-Mediterranean 
region is clearly due to the widespread development of low 
energy, pelagic limestone facies. 


Most modern species of the morphologically similar genus 
Amusium live in the deep sea (Knupsen, 1967) but at least two 
(A. pleuronectes and A. japonicum) are known to migrate 
into shallow water for the purpose of spawning (B. MorTon, 
pers. comm. 1978). 


Apart from the fact that it can recess into the sea bed 
(B. MorTon, pers. comm., 1978) little is known of the rreclin- 
ing position of Amusium. Further information relevant to P. 
(P.) laeviradiatum may be gained through a comparison with 
the “window pane oyster’ Placuna placenta which at least in 
the form of the disc resembles P. (P.) laeviradiatum. Pl. 
placenta reclines at aslıght angle to the sea bed with the dorsal 
third of the shell covered by sediment (Horneıı, 1909). This 
apparently serves to stabilise the shell against current action 
and a similar reclining position can perhaps be envisaged for 
P. (P.) laeviradiatum with the dorsally extended auricles ob- 
viating any need for burial of the disc itself. 


The usual occurrence of P. (P.) laeviradiatum in moderate 


numbers with a high diversity fauna suggests that it was an 
equilibrium species (LEvinTon, 1970). 


9. FUNCTIONAL MORPHOLOGY 


The following features of the disc are paradigmatic for a 
bivalve reclining in a high energy environment: 
»Largelsize 
. Thick shell 
. Strongly ornamented right valve 
. Smooth left valve 


ve wmn 


. Low convexity 


Ofthese, P. (P.) laeviradiatum exhibits only feature 5. The 
ornamentation of the right and left valves is exactly opposite 
to that of the paradigm. The fairly small adult size and thin 
shell is much closer to a paradıgm for reclining on soft sedi- 
ment in a low energy environment. Since there ıs abundant 
evidence (see Section 8) to show that P. (P.) laeviradiatum in 
fact occupied high energy environments it can be said that the 
species was poorly adapted to such situations. However, feat- 
ures which are inadaptive (small size, thin shell, reduced or- 
namentation) or of neutral significance (ontogenetic increase 
in UA) for reclining become adaptive for swimming. It seems 
probable therefore that ?. (P.) laeviradiatum was able to re- 
cover from periodic overturning by means of the swimming 
response. 
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The small initial size and subsequent negative allometric 
growth of the byssal notch indicates only a brief byssate phase 
early in ontogeny. However, additional stability for the shell 
when adult may have been provided by burial of the elongate 
auricles just beneath the sediment surface, as suggested in Sec- 
tion 8. Most studied examples of slender, linear projections 
from the bulk of a shell (e. g. the alae of Mucrospirifer [Run- 
wıck, 1970]) have been interpreted in terms of a ‘snowshoe’ 
adaptation to life on a soft substrate. From the evidence al- 
ready adduced from ecology this cannot be the case for P. (P.) 
laeviradiatum. A more effective mode of stabilisation such as 
the spines of Ps. (Ec.) barbatus was probably precluded by 
the presence of a prismatic outer shell layer in the right valve 
(herein presumed to exist by analogy with other asymerrically 
ornamented members of the Propeamussiidae). WALLER 
(1972a) has demonstrated the difficulty of forming sharply 
projecting ornament based on a prismatic microstructure. 
This also explains the absence of plicae in P. (P.) 
laeviradiatum. The internal costae of the species are almost 
certainly a functional substitute (see Part II). 


STAESCHE (1926) speculated that the dorsally prolonged au- 
ricles acted like the keel of aboat and provided stability during 
swimming. To have been effective this would have required 
the animal to swim with the plane of commissure vertical. 
Since no extant pectinid is known to adopt this orientation 
SraescHe’s hypothesis must be classed as doubttful. 


10. ORIGINS AND EVOLUTION 


Of known species the only likely ancestor for P. (P.) 
laeviradiatum is P. (P.) pumilum. The lower density of ex- 
ternal costae could be the result of heterochronic retardation 
(caused by changes in the regulatory genome) of the rate of 
costal intercalation in the latter species. The extended auricles 
of P. (P.) laeviradiatum cannot be the result of heterochronic 
alteration of the ontogeny of P. (P.) pumilum since the 
growth of the auricles in the latter species seems to be ısomet- 
ric. The development of extended auricles may therefore sig- 
nify structural genome evolution. The smaller number of in- 
ternal costae could represent nothing more than selection for 
the lower end of the range (9-13) in P. (P.) pumilum. 


If P. (P.) laeviradiatum did indeed evolve from P. (P.) 
pumilum we witness the evolution of a strongly ‘K’ selected 
(stenotopic, equilibrium, moderate-sized) from a strongly ‘r’ 
selected (eurytopic, opportunistic, usually small-sized) 
species. 

There is no evidence for any phyletic trends in morphology 
within P. (P.) laeviradiatum apart from a reduction in max- 
imum height from the lowermost Aalenian (Hmax: 30) to the 
L: Bajocran (Annex: 225). 

If P. (P.) laeviradiatum became extinct after the Laevius- 
cula zone (see Section 5) no explanation can be put forward 
for its demise in terms of a loss of the appropriate sedimentary 
facies. Apparently suitable condensed deposits occur widely 
in the U. Bajocıan of Europe. 


Propeamussium (Propeamussium) nonarıum 
(QUENSTEDT 1858) 
Pl. 1, Figs. 13, 14, ? Figs. 15, 16; text fig. 18 


Synonymy 


v2 1855 Pecten lorierianus sp. nov; COTTEAU, p. 113. 
1858 Pecten nonarins sp. nov; (QUENSTEDT, p. 795, 
pl. 98, fig. 4. 
1871 Pecten penninicus sp. nov; NNEUMAYR, p. 375, 
pl. 21, fig. 4. 
1874  Pecten poecilographus sp. nov; GEMMELLARO and 
Dı Brası, p. 130, pl. 4, figs. 13-16. 
Pecten poecılographus GEMMELLARO and Di 
BLası; BOEHM, p. 600, pl. 67, figs. 5, 6. 
? 1893 Pecten (Amusium) Sokolowi sp. nov; RETOWSKI, 
p. 284, pl. 14, figs. 24-26. 
1893 Pecten (Amusium) Pawlowi sp. nov; RETOWSKI, 
p. 285, pl. 14, figs. 27a, 27b. 
1897 Pecten Spendiarowi sp. nov; ABEL, p. 352, text 
figs. la, Ib. 
1905  Pecten Spendiarowi ABEL; VETTERS, p. 250. 
Pecten lorierianus COTTEAU; PERON, p. 234, pl. 10, 
figs. 8, 9. 
non 1917 Pecten Sokolowi sp. nov; BORISSIAK and 
IVANOFF, p. 46, pl. 2, figs. 10, 10a. 
v 1926 /artamussium nonarıum 
STAESCHE, p. 88, pl. 3, figs. 9, 10. 
Variamussium quinquenarium sp. nov; BERCK- 
HEMER in STAESCHE, p. 89, pl. 3, figs. 5, 6. 
1964 Varıamussium nonarınm (QUENSTEDT); WELLN- 
HOFER, p. 37, pl. 2, figs. 4-7. 
1974 Propeamussium _ (Propeamussium) 
(QUENSTEDT); NITZOPOULOS, p. 46. 
? 1978 Parvamussium aff. personatum (GOLDFUSS); 
HÖLDER, p. 20, pl. 5, figs. 14, text fig. 11. 


u 


u 


pv non 1883 


u 


(QUENSTEDT); 


u 
Ne} 
DD 
[e23 


nonarıum 


No trace of the type material of Pecten 
nonarius QUENSTEDT 1858, p. 795, pl. 98, 
fig. 4 has yet been found in the QUENSTEDT 
Collection (GPIT). The figured specimen 
was derived from the Malm & (L./M. Titho- 
nıan) of Söslingen (Swabia). 


1. ORIGINAL DIAGNOSIS AND DESCRIPTION 


‚Nur den kleinen Pecten nonarıus tab. 98, fig. 4 möchte ich 
besonders hervorheben, wie undenarins pag. 321 und Con- 
sorten zeigen die Steinkerne neun innere sehr dicke Haupt- 
rıppen. Bei großen, wie unsere Figur, stellt sich an Rande 
noch eine kurze Zwischenrippe ein. Im uebrigen läßt sich 
nicht viel wahrnehmen, man sıeht nur, daß die Schale Ohren 
und feine Streifen hatte. Söslingen, Mähringen.‘ 


2. AMENDED DIAGNOSIS 


Distinguished from all other Jurassic species of P. (Prop- 
eamussinm) by the intercalation of additional internal costae 
and by the termination of the internal costae somewhat 
farther from the ventral margın (at approx. 5/6 H). 


3. AMENDED DESCRIPTION 


Essentially similar to P. (P.) pumilum; differing by the 
smaller size (H rarely more than 8 mm) and by the ornament. 
Interior of valves ornamented with between 7 and 9 original 
radial costae, supplemented by intercalary costae at larger 


sizes but in neither case reaching the ventral margin (Pl. 1, 
Fig. 14). Exterior of left valveornamented by more numerous 
original and intercalary costae, reaching the ventral margin 
and crossed by comarginal striae to form a reticulate pattern 
(Pl. 1, Fig. 13). Right valve exterior ornamented with comar- 
ginal striae. 


4. DISCUSSION 


“Pecten’ lorierianus CoTTEAU may constitute the first name 
applied to the species described in Section 3. However, while 
the syntypes (MNS B. 03985; Pl. 1, Figs. 15, 16) apparently 
reveal traces of internal costae, of which some seem to be in- 
tercalary, there are only 5 or 6 original internal costae and 
some ofthe costae appear to reach the ventral margin. It seems 
unwise therefore to adopt ‘P.’ lorierianus as the senior 
synonym. The next available name ıs ‘P.’ nonarıns (QuENS- 
tepr. Although the type material has not yet been found the 
original description and figure leave no doubt as to its identi- 


ty. 


Aser’s (1897) incomplete description of ‘P.’ Spendiarowi 
mentions intercalary internal costae but also specifies external 
costae on the right valve, unlike P. (P.) nonarıum. VETTERS 
(1905) re-examined Ager’s topotype material and showed the 
original description and figures to be composites built up 
from a number of poorly preserved specimens. Unfortunate- 
ly, he did little to clarıfy the nature of the ornament on the 
right valve exterior. However, in other respects the revised 
description matches that of P. (P.) nonarınm and it may well 
be that the uncertainty over the right valve exterior ornament 
is due to preservation of Aser’s and VETTER’s material as com- 
posite moulds, acommon occurrence in thin shelled species. 


One of the figures of ‘P.’ penninicns NEuMmAYR from the 
Oxfordian has the characteristic reticulate exterior ornament 
of P. (P.) nonarium, described by STAEscHE (1926). NEUMAYR 
referred this to the right valve in his diagnosis and considered 
that the other figure, characterised solely by comarginal or- 
nament, represented the left valve. HoöLper (1978) has re-ex- 
amined NEumaYR’s types in Vienna and suggested that both 
may in fact be left valves which have been subjected to differ- 
ing amounts of abrasion. There is thus no reason to exclude 
‘P.’ penninicus from P. (P.) nonarium on the basis of the ex- 
ternal ornament. Unfortunately the types are not large 
enough to exhibit the diagnostic intercalary internal costae so 
the possibility cannot be entirely excluded that they are very 
late representatives of the externally similar species P. (P.) 
pumilum; they apparently possess 11 original internal costae 
as is common in the latter. HöLper has figured a similar 
specimen from the same horizon under Parvamussium aft. 
personatum (GoLpruss), a junior synonym of P. (P.) 
pumilum. 


‘P.” poecilographus GemMmELLARO and Dı Brası may be a 
large form of P. (P.) nonarium (H: 44). The figured speci- 
mens are apparently steinkerns showing 10-12 original inter- 
nal costae, with additional costae intercalated near the ventral 
margin. However, the disparity in size of the auricles (AH: 
11, PH: 5.5 at H: 44) probably serves to distinguish the 
species. The internal ornament recognisable on specimens re- 
ferred to ‘P.’ poecilographus by BoEHM (1883) is too faint for 
them to be regarded as conspecifice with P. (P.) nonarıum. 
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‘Variamussiunm’ quinquenarınm BERCKHEMER is only 
known from two poorly preserved steinkerns (Hnax: 28.6) 
showing 5-6 original internal costae with 2-3 intercalary cos- 
tae between each pair. Their overall shape is similar to P. (P.) 
nonarium and they may therefore merely be large forms of 


this species. 


‘P.’ (Amusium’) Pawlowi Rerowskı is only known from 
one imperfect specimen. The figure of this reveals 22 internal 
costae of which about 10 seem to be of intercalary origin. It is 
therefore very similar to P. (P.) nonarium. ‘P.’ ("Amusium’) 
Sokolowi Rerowskı was described as possessing 13-15 inter- 
nal costal of which none were said to be intercalary. How- 
ever, one of the original figures (pl. 14, fig. 26) ıs of a speci- 
men with only 11 internal costae thus the species must be at 
least close to P. (P.) nonarium. ‘P.’ Sokolowi Borıssıak and 
Ivanorr (erected for a specimen referable to Radulopecten 
fibrosus) is a junior primary homonym of ‘P.’ (‘Am.') 
Sokolowi RErowskı and must therefore be rejected. 


5. STRATIGRAPHIC RANGE 


P. (P.) nonarium ıs fırst recorded in the (?U) Oxfordian of 
$. Germany (STAESCHE, 1926; NırzorouLos, 1974; ?PHOLDER, 
1978) and ?S. Poland (NEuMAYR, 1871). STAESCHE also records 
the species in the Kimmeridgian of $S. Germany and there are 
questionable records from the E. Paris Basın (see Section 7). 
Tithonian records are widespread and refer to numerous 
specimens although there are no certain records from the 
U. Tithonian. ‘Parvamussium’ hinagense Tamura (1973) de- 
scribed from Japan and Indonesia may represent the persis- 
tence of P. (P.) nonarınm into the L. Cretaceous. 


6. GEOGRAPHIC RANGE 


P. (P.) nonarium ıs unknown outside the European region, 
except possibly in the L. Cretaceous (see Section 5). Within 
Europe (text. fig. 18) all records are limited to a narrow zone 
corresponding to a palaeolatitude of about 25°N. Occurr- 
ences outside this zone are of questionable identity (see Sec- 
tıon 4). 


7. DESCRIPTION OF ECOLOGY 


Undoubted records of P. (P.) nonarium are limited to mic- 
ritic or marly limestones containing a benthic fauna which is 
usually low in diversity and density. The only exceptions to 
this rule are specimens from reef-derived faunas in the Titho- 
nian of Sicily which have been referred to ‘Pecten’ poecilo- 
graphus GEMMELLARO and Dı Brası. This can be construed as 
further evidence for the view that the latter is not conspecific 
with P. (P.) nonarinm (see Section 4). 


In marly limestones of the L. Tithonian klıppes north of 
Vienna P. (P.) nonarinm occurs commonly in an otherwise 
sparse fauna dominated by ammonites but also containing a 
few terebratulid brachiopods and bivalves of the genera As- 
tarte, ‘Aucella’, Corbis, Nucula, ‘Ostrea’ and Trigonia 
(Age, 1897; VETTERS, 1905). Micritic limestones of the same 
age in $S. Germany (Hangende Bankkalke) contain common 
P. (P.) nonarium associated with a similar low diversity 
benthos. In theM. Tithonian of the same area, the Neuburger 
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Text fig. 18: Propeamussium (P.) nonarium — European distribution. 


Bankkalke, a micritic limestone, contains common P. (P.) 
nonarium in association with ammonites and small specimens 
of Entolium (WELLNHOFER, 1964). 


Abundant but poorly preserved specimens exhibiting fine 
radial striae from the Calcaire A Astartes (L. Kimmeridgian) 
oftheE. Paris Basin (MNR) are probably mainly referable to 
Radulopecten strictus (q. v.) but may also include a few ex- 
amples of P. (P.) nonarınm. Specimens with the diagnostic ın- 
tercalary internal costae have, however, yet to be discovered. 


8. INTERPRETATION OF ECOLOGY 


The fine-grained sediments to which P. (P.) nonarıum ıs 
limited are indicative of very low environmental energy. The 
sparseness of benthic fauna in such sediments suggests that 
they formed an unfavourable soupy substrate. Entolium, the 
only common epibenthic element apart from P. (P.) 
nonarium, probably escaped sinking into the substrate by vir- 
tue of the snowshoe effect provided by the small, thin, discoid- 
al shell and by its probably considerable ability to swım. 
Non-vagile byssate and cemented bivalves were probably also 
restricted by the paucity of firm attachment sites. It is worth 
noting that the specimens of ‘Ostrea’ are always found 
cemented to ammonites (VETTERS, 1905). 


P. (P.) nonarium may have been limited to low energy en- 
vironments on account of its thin and probably weak shell. 
However, the very restricted geographic distribution of the 
species cannot be explained simply on this basis. Apparently 
suitable fine-grained substrates in, for instance, the U. Juras- 
sic of$. Europe, went uncolonised. Bearing in mind the very 
narrow latitudinal range of P. (P.) nonarıum it is possible that 
the species had a very precise temperature dependence. 


9. FUNCTIONAL MORPHOLOGY 


Small size, low convexity, discoidal form and thin shell 
place P. (P.) nonarium close to a paradigm for reclining on 


soft substrates in a low energy environment. The small byssal 
notch indicates only a brief byssate phase in the juvenile. The 
absence of information on the ontogeny of umbonal angle 
precludes any assessment of swimming ability although the 
above features are certainly not inadaptive for swimming. In- 
ternal costation probably provided strength and stiffness for 
the thin shell in defence against predatory attacks. Intercala- 
tion of new costae would have maintained this function 
against the detrimental effects of increased size and so repre- 
sents a superior adaptation in comparison to the simple pat- 
tern of costae exhibited by other Jurassic species of Pro- 
peamussium. 


10. ORIGINS AND EVOLUTION 


By its general morphological similarity the most likely an- 
cestor for P. (P.) nonarium ıs P. (P.) pumilum. However, 
there is an unexplained stratigraphic gap in the Callovian be- 
tween respectively, the first and last appearances of these. 
species. 

At comparable sizes P. (P.) nonarium appears to have rela- 
tively fewer costae on the exterior of the left valve than ?. (P.) 
pumilum. Since the costae are continuously intercalated dur- 
ing the ontogeny of both species, trans-specific evolution may 
have involved the heterochronic retardation of the rate of ın- 
tercalation with respect to size. In contrast, the presence of in- 
ternal intercalary costae in P. (P.) nonarıum represents the 
evolution of a new feature and implies some more profound 
revolution in the genome. It represents, moreover, an im- 
provement in mechanical design (see Section 9) and this, to- 
gether with a narrowing in the range of substrate tolerance 
and retardation of ‘shape’ development, is strong evidence for 
the prevalence of ‘K’ selection (Gouıp, 1977). 


From the limited available data it is impossible to detect any 
phyletic trends within P. (P.) nonarıum. 


Family PECTINIDAE RarınesQue 1815 
Genus ENTOLIUM Merk 1865 


Type species. OD; Mrrk 1865 p. 478; Pecten demissus 
PnirLirs, “as illustrated by Quensteprt, 1858, p. 353, pl. 48, 
fig. 7°, i. e. Entolium demissum Merk 1865 (see Durr, 1978); 
Aalenian, Germany. 


AMENDED DIAGNOSIS 


Byssal notch usually absent at all stages of development; 
margins closed laterally; incised ligamental area usually pre- 
sent and extending parallel to hinge line on each side of inner 
ligament pit; auricular crura present; outer shell layer partly 
“fibrous’, “fibres’ radıal or divaricate. M. Tr.-U. Cret., cos- 
mop. 


DISCUSSION 


HerTLeın (1969: N346) considered a byssal notch to be 
lacking in Entolium. There is, however, a small but quite 
clearly developed notch in juveniles of Entolium (E.) lunare 
(see p. 38). By his statement "inner shell layer calcite, foliate; 
outer layer radially fibrous’ HERTLEIN implies in his diagnosis 
the existence of only 2 shell layers in Entolium. However, in 
almost all known scallops, including the morphologically 
very similar Amusium (Tavıor et al., 1969), there is a third 
non-myostracal shell layer, composed of aragonite. In all but 
the aberrant Propeamussiidae (see p. 22) this forms the 
middle shell layer and a similar layer can de inferred in En- 
tolium (see p. 36). The inner and outer shell layers of Re- 
cent pectinids (sensu stricto) appear to be invariably com- 
posed of foliated calcite (Tayıor et al., 1969). However, 
HERrTLEIN’s contention that Mesozoic Entolium has a fibrous 
outer layer is given support by the author’s study of valve sur- 
faces at low magnification (text fig. 27) although it would ap- 
pear from specimens in various states of abrasion that only 
one sub-layer within the outer shell layer is composed of 
fibres. Indeed it is conceivable that the fibrous appearance 
could be due to the assumption of a vertical orientation by 
foliae. SEM study of fractured surfaces has not proved defini- 
tive on this point but henceforth in this work shell structures 
such as that depicted in text fig. 27 are termed fibrous in order 
to distinguish them from the more usual foliated structure 
consisting of sub-horizontal foliae. The mineralogy of the 
outer shell layer in Entolium is unclear from HerrLein’s 
statement but the preservation state of specimens examined 
by the author suggests very strongly that it is calcitic, as is 
usual in the pectinids (see above). 


HERTLEIN’s statement that the fibres are radial must be 
amended on the basis of results presented herein so as to in- 
clude divaricate arrangements. Such arrangements are also 
found inL. Jurassic Camptonectes (C.) subulatus (q. v.) thus 
forms of the latter with shallow byssal notches closely resem- 
ble contemporaneous Entolium (see p. 38). They may, 
however, be distinguished in well preserved specimens by the 
presence of divaricate striae on the shell surface (as against di- 
varicate fibres within the shell of Entolium), by the absence 
of dorsally extended auricles on the right valve, by the per- 
pendicular junction of the anterior auricle with the hinge line 
on the left valve and by the marked auricular asymmetry in 
both valves. 
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Subgenus ENTOLIUM s. s. 


(Synonyms etc. Protamusium VerriLL 1897 
Protamussinm Parıs and RıcHarnson 1916 
[nom. null.) 
Protomusium STEwART 1930 [nom. null.] 
Entholium Tzankov and Boncev 1932 
[nom. null.] 
Etolium MeLearn 1949 [nom. null.]) 


AMENDED DIAGNOSIS 


Auricles of right valve projecting above hinge, commonly 
as angular wings; left valve smooth, right valve smooth or 
with comarginal grooves. M. Trias. - U. Cret., cosmop. 


DISCUSSION 


Herrrein (1969: N347) considered the valve bearing dor- 
sally extended auricles in E. (Entolium) to be the left. How- 
ever, the fact that in Z. (E.) lunare (see p- 38) a byssal notch 
is found in the valve bearing dorsally extended auricles indi- 
cates, by analogy with all other known pectinids, that this 
valve is the right. HerTLEmn thought that the outer surface of 
the valves was always smooth in E. (Entolium). The right 
valve of E. (E.) orbiculare (see p. 57) exhibits, however, 
quite strong comarginal grooves. 

STAESCHE (1926) attempted to subdivide the bulk of Jurassic 
E. (Entolium) by the criterion of the presence or absence of 
internal ridges extending from the umbonal region in a direc- 
tion sub-parallel to the dorsal margins. Forms with such 
ridges were said to posses umbonal angles of about 95° and 
were referred to the ‘Gruppe des Entolinm cingulatum’ while 
forms without internal ridges were said to possess larger um- 
bonal angles and were referred to the ‘Gruppe des Entolium 
demissum’. Many subsequent authors have adopted 
STAESCHE’s criteria yet they almost certainly represent a spuri- 
ous basis for the subdivision of the majority of Jurassic E. 
(Entolium). STAESCHE himself figured (pl. 4, fig. 5) a speci- 
men of the exemplary species of his second group which 
shows, through the translucent shell, the internal ridges diag- 
nostic of his first group. Moreover, the sole known type of 
this species (YM 202) has an umbonal angle of barely 80°. In 
fact umbonal angle increases through the ontogeny of virtu- 
ally all Jurassic E. (Entolium) from a value below 95° to a 
value well above it, thus a single value cannot be diagnostic of 
any subdivision of the group. Furthermore internal ridges 
may be found in large specimens with correspondingly large 
umbonal angles as well as in small specimens with umbonal 
angles of about 95°. The author considers that in most cases 
the development of internal ridges, far from being under 
genetic control, is a result of diagenetic processes. 


As STAESCHE pointed out, the internal ridges correspond in 
position to the margins of the relatively thick inner shell layer 
(composed of foliated calcite). In allknown true pectinids (see 
above) this layer is surrounded in the internal surface by the 
outcrop of the middle shell layer and pallıal myostracum, 
both of which are thin and composed of relatively soluble 
aragonite. In very many of those specimens of E. (Entolium) 
exhibiting internal ridges the upstanding feature appears to be 
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nothing more than the edge of the inner shell layer, exagger- 
ated by the loss of the immediately adjacent shell material. 
This is most plausibly explained as the result of the preferen- 
tial dissolution of aragonite during diagenesis. Such a process 
could also account for the fact that in some specimens the 
external surface of the shell displays ridges above the 
edges of the inner shell layer (Pl. 1, Fig. 17). Although dis- 
solution of aragonite would result in thinning of the shell in all 
but the most marginal regions (whose thickness is entirely due 
to the outer shell layer which is almost certainly composed of 
calcite, see p. 35) the proportionate effect on thickness 
would be greatest in the region immediately marginal to the 
inner shell layer where the middle shell layer and pallial myos- 
tracum constitute arelatively large part of the total thickness. 
Thus, in shells affected by diagenetic loss of aragonite, one 
might expect this region to be the locus of most compressive 
deformation due to sediment compaction with the resultant 
development of aridge above the edges of the inner shell layer 
in a manner analogous to the genesis of a fault scarp. 

In the case of certain specimens (BSPHG 1957 VI 
1291-1293, 1824-1855) referred by WELLNHOFER (1964) to 
Entolium cingulatum (Gowpruss) it does appear that internal 
ridges were present when the animal was alive. The grooves 
seen on internal moulds (cf. Pl. 1, Fig. 21) seem too sharply 
defined to have resulted from any diagenetic process of the 
sort outlined above. The author prefers at present to reserve 
judgement on the status of these specimens pending examina- 
tion of further material (see also p. 52). 


For the remainder of Jurassic E. (Entolium), to which 
SrarscHe’s scheme seems inapplicable, the only criteria by 
which a reasonable subdivision can be made are the presence 
or absence of a byssal notch and the presence or absence of 
strong comarginal grooves on the right valve. The first distin- 
guishes between E. (E.) lunare and E. (E.) corneolum and the 
second between E. (E.) orbiculare and both the latter species. 
E. (E.) orbiculare and E. (E.) corneolum undoubtedley over- 
lap in their stratigraphic ranges (see pp. 58, 52) and there 
is a strong suggestion that the latter species overlaps with E. 
(E.) lunare (see pp. 43, 52). There is thus no evidence that the 
species form part of aphyletic continuum. Krııy (1977) states 
that E. (E.) orbiculare may sometimes lack comarginal 
grooves on the right valve but that samples of E. (Entolium) 
can be assigned unequivocally to E. (E.) orbiculare if a few 
comarginally grooved right valves are present. This argument 
ignores the quite reasonable possibility that Z. (E.) orbicnlare 
may occur sympatrically with other E. (Entolium) species. 
Thus in the absence of any other diagnostic features in E. (E.) 
orbiculare the author can see no justification for not placing 
smooth right valves occurring together with comarginally 
grooved right valves in E. (E.) corneolum if (like all un- 
doubted examples of E. (E.) orbicnlare examined by the au- 
thor) they lack abyssal notch or in E. (E.) lunare if (as Keııy 
states without pictorial evidence, may sometimes be the case 
in E. (E.) orbiculare) they possess a byssal notch. There is a 
pressing need for detailed study of undoubted (comarginally 
grooved) right valves of E. (E.) orbiculare ın order to isolate 
further diagnostic features which could be used to cross- 
check K£ıLy’s statements concerning the range of variation in 
the right valve. 

At present there appears to be no completely sound basis 
for distinguishing the left valves of any of the three species 


discussed above. However, slight differences in mean metric 
proportions (see pp. 38, 47, 57) and the relatively lim- 
ited overlap of the known stratigraphic ranges of the species 
(see pp. 43, 52, 58) do allow a reasonably confident 
identification of some specimens. 


A further species which may be referable to E. (Entolium), 
characterised by a slight byssal notch and very high HAAg/L 
(see p. 43), appears to be quite common in the Tithonian of 
S. Europe. However like a number of other distinctive 
species from the latter stage and region (see p. 11) it is ex- 
cluded from this work because of the paucity of museum 
specimens and bibliographic references and because its origins 
probably lie outside the pectinid fauna of the European Juras- 
SIC. 

There is some evidence from the literature (see p. 58) for 
yet another E. (Entolium) species, characterised by strong 
comarginal ornament on both valves, in the M. Jurassic of 
Europe. However, the author has failed to discover any 
specimens which confirm the existence of this species. 


The somewhat reduced mean H/UA of specimens with 
smooth, unnotched right valves from M. Tithonian sands 
near Oxford is not considered herein to merit a specific sep- 
aratıion from E. (E.) corneolum since other metric propor- 
tions are inseparable from the latter species and a number of 
more parsimonious explanations, of which reduced growth 
rate is the most plausible (see p. 55), are available. 


Entolium (Entolinm) lunare (ROEMER 1839) 
Pl. 1, Figs. 17, 18, ? Fig. 23; text figs. 19-29. 


Synonymy 
? 1829  Pecten sp.; PHILLIPS, pl. 5, fig. 11. 
? 1833  Pecten glaber sp. nov; HEHL in v. ZIETEN, p. 69, 


pl. 53, fig. 1 (non MONTAGU sp.). 
1836 Pecten corneus J. SOWERBY; GOLDFUSS, p. 73, 
pl. 98, fig. 11 (non J. SOWERBY sp.). 
1839  Pecten lunaris sp. nov; ROEMER, p. 26. 
1843  Pecten hasinus sp. nov; NYST, p. 299. 
1850  Pecten Hebhlii sp. nov; D’ORBIGNY, v. 1, p. 219. 
v 1850 Pecten disciformis SCHÜBLER; D’ORBIGNY, v. 1, 
p- 237 (non SCHÜBLER sp.) 
Pecten Philenor sp. nov; D’ORBIGNY, v. 1, p. 238. 
Pecten Palaemon sp. nov; D’ORBIGNY, v. 1, 
p- 238, (BOULE, 1908, v. 3, p. 37, pl. 18, fig. 5, 
non fig. 6). 
v2? 1850 Pecten Proeteus sp. nov; D’ORBIGNY, v. 1, p. 257. 
(?) 1852  Pecten glaber HEHL; QUENSTEDT, p. 506 
(non MONTAGU sp.). 
1853 Pecten glaber ö var. nov; OPPEL, p. 77 
(non MONTAGU sp.). 
? 1858 Pecten amatus sp. nov; ÄNDLER, p. 644. 
1858  Pecten glaber HEHL; QUENSTEDT, p. 79 
(non MONTAGU sp.). 
? 1858  Pecten sepultus sp. nov; QUENSTEDT, p. 48, pl. 4, 
figs. 10, 11. 
1858  Pecten Hehli D’ORBIGNY; OPPEL, p. 103. 
(?2) 1858  Pecten Philenor D’ORBIGNY; OPPEL, p. 181. 
(2) 1861 Pecten sepultus QUENSTEDT; TRAUTSCHOLD, 
p. 446. 
1863 _ Pecten liasinus NYST; SCHLÖNBACH, p. 545. 
1864  Pecten Hehli D’ORBIGNY; DUMORTIER, p. 162, 
pl. 24, fig. 16. 
? 1866 Pecten demissus PHILLIPS; LINDSTROM, p. 14, pl. 3, 
figs. 9, 10 (non PHILLIPS sp.). 


1867 


1868 
1869 


u 


1869 


1869 
1871 
1872 
? 1875 
1876 


v 1878 


u 


1883 


1884 
1886 


u 


1886 


"u 


1888 
1891 
? 1891 
1892 
(2) 1892 


1894 
1895 


u 


u 


1895 


1897 
1903 


u 


1904 
1909 
1909 
1912 
1915 
non 1916 
1916 

? 1916 
221917. 
1925 
1925 

(?) 1925 
(2?) 1925 


v 1926 
v 1926 
v 1926 
v2? 1926 
v 1926 


v 1926 


Pecten Hehli D’ORBIGNY; DUMORTIER, p. 70, 
pl. 12, figs. 5, 6. 

Pecten hasinus NYST; JAUBERT, p. 234. 

Pecten frontalis sp. nov; DUMORTIER, p. 229, 
pl. 37, figs. 1, 2, pl. 38, fig. 1. 

Pecten Palaemon D’ÖRBIGNY; DUMORTIER, 
p- 304. 

Pecten hasınus NYST; DUMORTIER, p. 306. 

Pecten Iunarıs ROEMER; BRAUNS, p. 398. 

Pecten hasınus NYST; TIETZE, p. 106. 

Pecten demissaries sp. nov; CROSS, p- 123. 

Pecten lunularis ROEMER; TATE and BLAKE, 
p: 361. 

Camptonectes hasicus (NYST); BAYLE, pl. 121, 
fig. 2. 

Pecten demissus PHILLIPS; LUNDGREN, p. 16, 
pl. 2, fig. 12 (non PHILLIPS sp.). 

Pecten lunularis ROEMER; SIMPSON, p. 172. 
Pecten Hehlii D’ORBIGNY; Di STEFANO, p. 135, 
pl. 4, figs. 28-30. 

Pecten Di-Blasii sp. nov; Di STEFANO, p. 157, 
pl. 4, figs. 28, 29. 

Pecten lundgreni sp. nov; MOBERG, p. 35, pl. 1, 
figs. 27-32. 

Pecten Hehli D’ORBIGNY; BEHRENDSEN, p. 392. 
Pecten Di Blasii Di STEFANO; Di STEFANO, p. 61. 
Pecten (Pseudamunsinm) Hehlii D’ORBIGNY; 
PARONA, p. 15. 

Pecten (Pseudamusinm) frontalis DUMORTIER; 
PARONA, p. 16. 

Pecten Hehli D’ORBIGNY; MÖRICKE, p. 37. 
Pecten Stewartianus sp. nov; LUNDGREN, p. 198, 
pl. 3, fig. 12. 

Pecten callosus sp. nov; LUNDGREN, p. 200, pl. 3, 
fig. 15. 

Pecten hasınus NysT; POMPECK], pp. 773, 790, 820. 
Pecten (Entolium) Hehli D’ORBIGNY; BISTRAM, 
p- 38. 

Chlamys (Psendamussium) Chartroni sp. nov; 
COSSMANN, p. 504, pl. 16, figs. 11, 12. 

Pecten (Entolium) Hehli D’ORBIGNY; TRAUTH, 
p- 88. 

Pecten (Entolium) liasinus NYST; TRAUTH, p. 89. 
Pecten Hehli D’ORBIGNY; TONI, p. 33. 

Pecten (Entolium) Fraiponti sp. nov; ROLLIER, 
p- 467, pl. 30, fig. 7. 

Chlamys (Psendamussinm) palaemon (D’ORB- 
IGNY); COSSMANN, p. 46, pl. 5, figs. 18-20. 
Entolium disciforme (SCHÜBLER); COSSMANN, 
p- 45, pl. 8, figs. 10, 11 (non SCHÜBLER sp.). 
Pecten glaphyrus sp. nov; R. PHILIPPI in JAWORSKI, 
P.437. 

Pecten vitreus ROEMER; BORISSIAK and IVANOFF, 
p- 8, pl. 1, fig. 4, (non figs. 1, 2, 12, 16). 

Pecten (Entolium) Hehli D’ORBIGNY; DUBAR, 
PP: 260, 266. 

Pecten liasinus NYST; DUBAR, p. 266. 

Pecten frontalis DUMORTIER; DUBAR, p. 266. 
Pecten (Pseudamussium) Palaemon D’ORBIGNY; 
DUBAR, p. 266. 

Chlamys calva (GOLDFUSS); STAESCHE, p. 58, 
pl. 2, figs. 11, 12, (non GOLDFUSS sp.). 

Entolium Hehlii (D’ORBIGNY); STAESCHE, p. 59, 
pl. 2, figs. 13-15. 

Chlamys Philenor (D’ORBIGNY); STAESCHE, p. 62, 
pl. 1, figs. 16, 17. 

Entolium Proetens (D’ORBIGNY); STAESCHE, p. 92, 
pl. 6, figs. 3, 4. 

Entolium lunare (ROEMER); STAESCHE, p. %, 
pl. 4, figs. 1,2. 

Entolium hasınum (NYST); STAESCHE, p. 97, pl. 6, 
fig. 5. 


(2) 1926 
(2) 1929 


1929 
1932 

(2) 1934 
v 1936 
(?) 1936 
1936 

v? 1936 
(?) 1942 
1942 


1951 
1951 


1951 


1961 
1963 
(2) 1965 
1966 


1966 
1966a 
1966b 
1967 


1971 
? 1971 
1973 


? 1978 
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Entolium frontalis (DUMORTIER); ROMAN, p. 113. 
Pecten (Amussinm) Palaemon D’ORBIGNY; LAN- 
QUINE, pp. 132, 189. 

Pecten (Entolium) Hehli D’ORBIGNY; LANQUINE, 
p- 132. 

Pecten (Entholium) liasınum NYST; TZANKOV and 
BONCEV, p. 230. 

Entolinm frontale (DUMORTIER); ROSENKRANTZ, 
p-113: 

Entolinm Hehlii (D’ORBIGNY); DECHASEAUX, 
p- 60, pl. 8, figs. 10, 11. 

Entolinm frontalis (DUMORTIER); DECHASEAUX, 


p- 62. 

Entolium Fraiponti (ROLLIER); DECHASEAUX, 
p- 62. 

Chlamys philenor (D’ORBIGNY); KUHN, p. 247, 
pl-12,:f18.29. 


Pseudentolium frontale (DUMORTIER); ROSEN- 
KRANTZ, p. 25. 

Pecten (Entolium) cf. Hehli D’ORBIGNY; LEANZA, 
p- 175, pl. 9, fig. 4. 

Entolium hehli D’ORBIGNY; TROEDSSON, p. 216. 
Entolium calvum (GOLDFUSS); TROEDSSON, 
p- 217, pl. 20, figs. 9-13 (non GOLDFUSS sp.). 
Entolium lundgreni (MOBERG); TROEDSSON, 
p- 218, pl. 20, figs. 4-8. 

Entolium cf. lunare (ROEMER); HAYAMI, p. 255. 
Entolium lunare (ROEMER); HALLAM, p. 561. 
Pecten frontalis DUMORTIER; DAHM, pp. 27, 28. 
Entolinm protens (D’ORBIGNY); BEHMEL and 
GEYER, p. 28. 

Entolium lunare (ROEMER); URLICHS, p. 31. 
Entolium hasinum (NXST); C. PALMER, p. 67. 
Entolium liasınum (NYST); C. PALMER, p. 72. 
Entolinum liasinum (NYST); BERRIDGE and IvIMEY 
COOK, p. 160. 

Entolium liasinum (NYST); HALLAM, pp. 244, 245. 
Entolium proeteus (D’ORBIGNY); WENDT, p. 156. 
Entolinm (Entolium) Hehli (D’ORBIGNY); LEN- 
TINI, p. 23, pl. 14, fig. 7. 

Entolium sp. A; DUFF, p. 64, pl. 5, figs. 7-10, 
213517 


The type material (possibly only one speci- 
men) of Pecten lunaris RoEMER 1839, p. 26 is 
probably in the ROEMER-PELIZAEUS-Museum, 
Hildesheim, W. Germany. RoEMER cites the 
following dimensions: ‘Diameter’: 3.5 inches 
(88 mm), UA: 150. The material was 
collected near Ocker (N. Germany), accord- 
ing to Brauns (1871) from sediments of the 
Planorbis zone. 


1. ORIGINAL DIAGNOSIS AND DESCRIPTION 


‘P. (Pleuronectes) testa plana orbiculari concentrice sub- 


striata, angulo marginum cardinalium obtusissimo. 


Es gehört diese Form zu den Pleuronectiden. Die Schalen 


sind sehr flach gewölbt, zirkelrund, nur undeutlich concen- 
trisch gestreift und ziemlich dick. Die Schloßkantenwinkel 
beträgt etwa 150 Grad. 


Findet sich im unteren Lias des Adenberges bei Ocker und 


hat einen Durchmesser von 3, Zoll.‘ 


2. AMENDED DIAGNOSIS 


Distinguished from E. (E.) corneolum by the presence of a 


small byssal notch in the juvenile and from E. (E.) orbiculare 
by the smooth right valve. 
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Text fig. 20: Entolium (E.) lunare — separation of auricular apices/length. 


3. AMENDED DESCRIPTION 


Disc sub-ovate, higher than long early in ontogeny, be- 
coming longer than high (text fig. 19). Maximum height 
probably 116 mm (BM 46444) but possibly as much as 
145 mm (see Section 4). Umbonal angle relatively invariant at 
any one size but increasing at a decreasing rate during on- 
togeny (text fig. 21) to give concave dorsal margins. 


Equilateral, approximately equivalve, low convexity. 


Intersinal distance slightly greater in left valve than right, 
increasing at a decreasing rate in both (text figs. 22, 23). Small 
juvenile byssal notch becoming almost non-existent later ın 
ontogeny (Pl. 1, Fig. 18). 


Disc flanks low but auricles well demarcated from disc. On 
left valve both auricles meeting hinge at an obtuse angle and 
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Text fig. 22: Entolium (E.) lunare - intersinal distance on left valve/length. 
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disc at an acute angle. On right valve both auricles extended 
dorsally beyond hinge line, posterior meeting disc at an acute 
angle, anterior meeting disc at an approximate right angle. 
Height of right valve anterior auricle (text fig. 24) and separa- 
tion of auricular apices (text fig. 20) variable and increasing at 
a decreasing rate in both. Anterior hinge length slightly great- 
er than posterior, increasing at a decreasing rate in both (text 
figs. 25, 26). 

Valve exteriors ornamented only with very fine comarginal 
striae. Shell thin with at least one sub-layer in the outer shell 
layer composed of divaricate fibres (text fig. 27; see p- 35). 


4. DISCUSSION 


Possibly the earliest bibliographic record of the species de- 
scribed in Section 3 is as “Pecten’ sp. Piruips (1). The stratig- 
raphic horizon of the figured specimen is unusually late (Ox- 
fordian) but the presence of a byssal notch aligns it with the 
species described above (however, see below). The original is 
now lost, as is that of ‘P.” glaber Henı whose figure also re- 
sembles that of the species described in Section 3. In erecting 
‘P.’ Hehlü for Henı’s figured specimen, n’Orsıcny (1850) 
considered that ‘P.’ glaber wasa junior primary homonym of 
a species described by Monracu in 1803. His hypodigm is far 
from clear but subsequent authors (see Synonymy) have ap- 
plied the name to the species described in Section 3. The pres- 
ent author has been unable to trace MontaGu’s description 
but even assuming that D’Orsıcny was justified in rejecting 
HEnHL’s species, the creation of anew species was an unneces- 
sary step since both ‘P.’ lunaris Rormer and ‘P.” hasinus 
Nyst appear to represent the species described in Section 3, 
and have historical precedence. ‘P.’ hasinus was created in 


1843 for Gorpruss’ (1836) specimen from the L. Jurassic re- 
ferred to ‘P.’corneus J. Sowersy, a Tertiary species. 
‘P.” lunaris was erected in 1839 for a specimen which, accord- 
ing to Brauns (1871), was derived from the Planorbis zone. 
The specimen has not been examined by the present author. 
However, ROFMER specifiesan umbonal angle of 150° which is 
areasonable value for the species described in Section 3 at the 
size stated (‘diameter’: 87 mm) and well above that attained in 
any other Jurassic E. (Entolium) species. Together with the 
stratigraphic information this can leave little doubt that 
‘P.’ Iunaris should be accorded the status of senior synonym, 


One of the syntypes of ‘P.’ Palaemon v’Orsıcny (MNS 
1840) closely resembles E. (E.) lunare in its ornament and 
metric proportions (2). However, the other syntype is closer 
to Chlamys (Ch.) textoria in its possession of radial striae and 
since such ornament was specified in D’Orsıcny’s descrip- 
tion, the latter specimen should perhaps be selected as lec- 
totype. This interpretation appears to have been followed by 
Cossmann (1916) and Dumorrier (1869). 


‘P.’ Philenor D’Orsıcny was created for L. Pliensbachian 
specimens which fell within GoLpruss’ (1836) hypodigm for 
‘P.” cingulatus, an E. (Entolium) species. In so far asthere are 
apparently no European L. Pliensbachian E. (Entolium) 
species apart from E. (E.) lunare, v’Orsıcny’s hypodigm 
must be included in the latter species concept. However the 
single observed type (MNO 1843) is probably a representa- 
tive of Ch. (Ch.) textoria so the status of secondary refer- 
ences to D’ORBIGNY’s species for which no original remains 
(e. g. Orprı, 1858) is in some doubt. The figured originals of 
STAESCHE’S (1926) ‘Ch.’ Philenor (GPIT) are almost certainly 
representative of E. (E.) lunare but that of Kunn’s (1936) 
‘Ch.’ philenor (BSPHG) is more reminiscent of Camp- 
tonectes (C.) subnlatus. 
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Text fig. 23: Entolium (E.) lunare - intersinal distance on right valve/length. 
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Text fig. 24: Entolium (E.) lunare — height of anterior auricle on right valve/length. 


In the same way as for ‘P.’ Philenor, D’ORrBIGNY created 
‘P.’ Proeteus for Toarcian specimens which fell within Goıp- 
Fuss’ hypodigm for ‘P.’ cingulatus. Since two E. (Entolium) 
species (E. (E.) lunare and E. (E.) corneolum) appear to 
coexist in the Toarcian it is impossible to be certain of D’OR- 
BIGNY’s hypodigm in the absence of a diagnosis. The only syn- 
type which the author has been able to discover (MNO 2079) 
is too poorly preserved for specific determination although 
H/L and PH/L (3) plot within the range of E. (E.) lunare. 
STAESCHE’s (1926) figured originalsto E. Proeteus (GPIT) are 
similarly indeterminate and thus specimens referred to this 


AH 
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species by the latter author in BEHMEL and GEYER (1966) are 
also of uncertain affinities. Wenpr’s (1971) record from the 
Aalenian and Bajocian of Sicily almost certainly refers to E. 
(E.) corneolum. 

A specimen (MNS) from the L. Pliensbachian referred by 
D’ORBIGNY to SCHUBLER’S (1833) Bajocıian species ‘P.’ dis- 
ciformis (=E. (E.) corneolum q. v.) in fact possesses the small 
auricles typical of E. (E.) lunare. Similarly, a specimen from 
the same horizon referred to SCHUBLER’s species by CossmAanN 
(1916) has the small byssal notch of E. (E.) lunare. Bearing in 
mind the known stratigraphic range of E. (E.) corneolum it 
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Text fig. 25: Entolium (E.) lunare — anterior hinge length/length. 
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Text fig. 26: Entolium (E.) lunare — posterior hinge length/length. 


seems highly likely that unillustrated reports of pre-Toarcian 
occurrences of SCHÜBLER’S species (CoQuanD, 1860; TERQUEM 
and PıETTE, 1865; Pomreckj, 1897; Jorv, 1907; Dugar, 1925; 
LAanguine, 1929; DECHASEAUNX, 1936) together with LEANza’s 
(1942) and Lenrint’s (1973) poorly illustrated examples are in 
fact referable to E. (E.) lunare. GoLpruss’ (1836) record ofL. 
Jurassic examples of PHirLips’ species ‘P.’ demissus is likewise 
almost certainly a misnomer for E. (E.) lunare; his figured 
specimen (BSPHG;) is from the M. Jurassic. However, speci- 
mens figured under ‘P.’ demissus from an unspecified 
horizon in Spitzbergen (Linpstrom, 1866; LUNDGREN, 1883) 
exhibit the byssal notch typical of E. (E.) lunare and thus, 
bearing in mind the very limited development oftheL. Juras- 
sic in Spitzbergen, may constitute M. or even U. Jurassic rep- 
resentatives of the latter species. ‘P.’ Stewartianus LUNDGREN 
from an unspecified horizon ın E. Greenland has a slight bys- 
sal notch and H/UA (150/140) within the range of E. (E.) lun- 
are projected to larger sizes. It may be an U. Jurassic re- 
presentative of the latter since it was compared with a species 
described from the Kimmeridgian, ‘P.’ valıdus LinDSTROM 
(= Camptonectes (C.) auritus). 


Borıissıak and Ivanorr’s (1917, pl. 1, fig. 4) figure of 
‘P.’ vitreus (non RoEMmER) depicts a specimen with a byssal 
notch that is undoubtedly from the L. Volgian (= L. Titho- 
nıan) of Russia. However, it should be borne in mind for this 
and the above records from Spitzbergen and Greenland that 
E. (E.) orbiculare (q. v.) is present in the U. Jurassic of each 
area and since Keııy (1977) states that the right valve of the 
latter species may be smooth and possess a byssal notch there 
remains the possibility that E. (E.) orbiculare may bethe only 
species present (however see p. 36). There is a rather more 
remote possibility that the above records may refer to a 
poorly known, essentially S. European species (see below). 

‘P.’ callosus LuNDGREN, from E. Greenland, has metric 
proportions (4) within the range of E. (E.) Iunare. 


The figures of ‘P.’ Iundgreni Moserg from $. W. Sweden 
appear to show divaricate striae and are thus indicative of 
Camptonectes. However, Tro£psson (1951), who may have 
examined the types, has referred to MoOBErG’s species speci- 
mens whose small byssal notch, H/L, H/UA, Ig/L and 
HAAy/L (5) is within the range of E. (E.) Innare. Metric 
proportions of Moßerg’s figure (6) are also indistinguishable 
so the appearance of divaricate striae may be a misrepresenta- 
tion of the divaricate fibres within the shell of E. (E.) lunare. 


AH/L (46/130) and Ig/L (60.5/130) of the figure (1869, 
pl. 37, fig. 1) of ‘P.’ frontalis Dumorrier from the U. Pliens- 
bachian are considerably higher than those of measured 
specimens of E. (E.) lunare. However, this may well be due 
to inaccurate representation of the original for which Dumor- 
TIER cites a height of 145 mm and length of 155 mm. Subse- 
quent references to DUMORTIER’s species ın PARONA (1892), 
Roman (1926), RosenKkrANTz (1934, 1942) and DECHASEAUX 
(1936) are unaccompanied by figures so must remain doubt- 
ful. ‘P.’ (Entolium) Fraiponti RowLıer, which was thought to 
represent possibly no more than a geographic race of 
‘P.” frontalis has H/UA (104/140) within the range of E. (E.) 
lunare projected to larger sizes. H/UA of the figure of ‘Ch.’ 
(‘Pseudamussium’) chartroni Cossman (7) from the Hettan- 
gian of France is also within the range of E. (E.) lunare. The 
depth of the byssal notch is more reminiscent of C. (C.) sub- 
ulatus but in spite of Cossmann’s statement to the contrary 
the auricles of one figured specimen extend dorsally beyond 
the hinge line so his species may be an early and morphologi- 
cally extreme representative of E. (E.) Iunare. ‘P.’ Di-Blasıu 
Dı Sterano, from the L. Lias of Sicily has rather pronounced 
comarginal ornament but as it is in other respects identical to 
E. (E.) lunare this may be another aspect of variation. 


The equal-sized auricles of ‘P.’sepultus QUENSTEDT, asmall 
smooth species from the L. Lias of Swabia, suggest that it be- 
longs to E. (E.) lunare rather than the common co-occurring 


Text fig. 27: Outer surface of a slightly abraded right valve of 
Entolium (E.) lunare showing divaricate fibres. Specimen (BSPHG 
1983 XVII 8) from Frodingham Ironstone; X 1.6. 


species C. (C.) subulatus. However, the affınities of 
‘P.’ amatus ANDLER, from the same horizon and region, 
diagnosed merely as a smooth flat shell with comarginal 
striae, could lie with either of the above species. ‘P.’ demis- 
saries Cross was given a similarly inadequate diagnosis but ıs 
probably synonymous with E. (E.) lunare rather than C. 
(C.) subulatus since the horizon of derivation (Frodingham 
Ironstone) is one in which the former species is much more 


abundant than the latter (see Section 7). 


‘P.’ glaphyrus R. PruLipri was distinguished from the Cal- 
lovian species ‘P.’ demissus (= E. (E.) corneolum) by the re- 
latively undiagnostic criterion of auricle angularity. How- 
ever, in so far as the species is described from the U. Pliens- 
bachıan (prior to certain records of E. (E.) corneolum) it 
probably belongs to E. (E.) lunare. Although described from 
the Callovian Entolium sp. A. Durr has a clear byssal notch, 
unlike the much more common contemporaneous species E. 
(E.) corneolum, and may therefore be a late representative of 
E. (E.) lunare. The small size of the available material does 
not however allow exclusion of the possibility that Z. sp. A is 
an early representative of E. (E.) orbicnlare (see above) or an 
essentially S. European Tithonian species which bears a sup- 
erfical resemblance to E. (E.) lunare but which can be readily 
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distinguished in large specimens by the much higher HAAg/L 
(8, 9; specimens referred respectively to ‘P.’ 
D’Orsıcny [MNS] and ‘Ch.’ cf. poecilographa GEMMELLARO 
and Dı Bıası [GPIT]). 


Goıpruss’ (1836) name “P.’ caluns (= C. (C.) subulatus q. 
v.) has been misapplied by Srazschr (1926) and TroEDsson 


insularum 


(1951) to figured specimens with the small byssal notch typi- 
cal of E. (E.) lunare. It is thus possible that unillustrated rec- 
ords of GoLDFuss’ species in D’OrBıcnY (1850), TATE and 
BLAkeE (1876) and Jory (1907) may also refer to E. (E.) lunare. 


5. SITRATIGRAPHIC RANGE 


Two specimens from the Planorbis zone (Hettangian) of 
the Italian Alps (Bıstram, 1903) together with an indetermi- 
nate number of specimens from the same horizon ın S. Ger- 
many (STAESCHE, 1926), ROEMER’s (1839) material, probably 
from N. Germany, and questionable specimens from the W. 
Parıs Basın (Cossmann, 1904; see Section 4) constitute the ear- 
liest records of E. (E.) lunare. The species is recorded rarely 
in the Angulata zone of the Rhone basin (Dumorrier, 1864) 
and may also occur at the same horizon in $. Germany (An- 
DLER, 1858; see Section 4). DECHASEAUX (1836) records the 
species from an unspecified horizon in the Hettangian of the 
E. Parıs Basın. E. (E.) lunare becomes common in the Buck- 
landi zone and is thereafter widespread and locally common 
until the U. Pliensbachian. Toarcian records are equivocal be- 
cause all potential examples of E. (E.) lunare have poorly pre- 
served auricles and so cannot definitely be separated from E. 
(E.) corneolum by the diagnostic criterion. However, a 
specimen in the GPIG (Pl. 1, Fig. 23) from the Toarcian of S. 
Germany has H/UA (10) well outside the range of E. (E.) 
corneolum and this specimen together with four others from 
the same area in the GPIT, one from Yorkshire (SM ]50642) 
and one from Gloucestershire (BM L94280), all of which plot 
within the range of text fig. 21, seems to indicate that E. (E.) 
lunare extended into the Toarcian. All but the first mentioned 
are from the upper substage. 


M. and U. Jurassic bibliographic records which may refer 
to E. (E.) lunare must be treated with great caution (see Sec- 
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Text fig. 28: Entolium (E.) lunare - European distribution. 
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Text fig. 29: Entolium (E.) lunare - World distribution (Pliensbachian reconstruction). 


tion 4). A slight byssal notch is present in asmooth right valve 
(OUM J26053) from the L. Tithonian (Pectinatus zone) near 
Oxford but in view of the possible development of such a 
morphology in E. (E.) orbiculare (see p. 36) it can only 
tentatively be accepted as an U. Jurassic record of E. (E.) 
lunare. 


6. GEOGRAPHIC RANGE 


Within Europe (text fig. 28) E. (E.) lunare ıs a widespread 
species. Outside Europe (text fig. 29) occurrences are widely 
dispersed and are not connected by obvious migration routes. 
Records from S. America might be understood as the result of 
a migration along the northern shores of Tethys by linking 
occurrences in the Carpathians (Pomreckj, 1897) and Japan 
(Havamı, 1961). However depending on the tectonic recon- 
struction adopted records from the Carpathians might be held 
to indicate migration along the southern shores of Tethys, 
perhaps utilising a marine connection between Africa, Ant- 
arctica and S. America (see p. 25). 


7. DESERIPIONLOFFECOLOGY 


E. (E.) lunare first occurs commonly in the Arietenkalk 
(L. Sinemurian, Bucklandi zone) of $. W. Germany in assocı- 
ation with quite common examples of Camptonectes (C.) 
subulatus and Chlamys (Ch.) textoria. The maximum height 
of E. (E.) lunare is 51 mm (GPIT). Deposits of the same age 
and probably similar facies in the Rhone also contain abun- 
dant E. (E.) lunare in association with Pseudopecten (Ps.) 
equivalvis (DUMORTIER, 1867). In the U. Sinemurian (Ob- 
tusum zone) part of the Frodingham Ironstone, a condensed 
chamosite oolite in Lincolnshire, E. (E.) lunare occurs with 
all the above species but is much the most numerous element 
of the fauna, attainıng a maximum height of 57 mm (ScM 
1099). In contemporaneous argillaceous facies (HaLLam, 
1963) and similar faciesintheL. Pliensbachian E. (E.) lunare 
is greatly outnumbered by C. (C.) subulatus. However, ın 
neretic limestones, probably of L. Pliensbachian age (see p. 
79) in Sicily (Dı Sterano, 1886) C. (C.) subulatus ıs absent 


and E. (E.) lunare occurs commonly with Ps. (Ps.) veyrasen- 
sis. L. Pliensbachian sandstones in E. Greenland (Rosen- 
KRANTZ, 1934) are reported to contain abundant examples of 
E. frontale (Dumorrisr), a probable synonym of E. (E.) In- 
nare (see Section 4) in association with common Ps. (Ps.) 
equivalvis. The latter species greatly outnumbers E. (E.) Iu- 
nare inthe condensed chamosite oolıtes (‘Pecten’ Beds) ofthe 
Ibex zone in Gloucestershire and Lincolnshire and in sand- 
stones (Sandy Series) and condensed chamosite oolites 
(Cleveland Ironstone) of the Margaritatus zone in Yorkshire. 
A similar situation pertains in ironstones of the Spinatum 
zone (Marlstone) in the Midlands where the species reaches a 
maximum height of 116 mm (BM 46444). However, in sand- 
stones of the Margaritatus zone (Thorncombe Sands) in 
Dorset the relative proportions are reversed although the 
maximum height of E. (E.) lunare is only 37.5 mm (BM 
LL30727). In contemporaneous clays in Yorkshire Z. (E.) Iu- 
nare is greatly outnumbered by C. (C.) subulatus and reaches 
amaxımum height of only 25 mm (author’s collection). Apart 
from the above cases, E. (E.) lunare, although widespread, is 
only known to be common in the Gresten Beds of Austria 
(Trautn, 1909) where Ch. (Ch.) textoria and Ps. (Ps.) den- 


tatus are also quite common. 


8. INTERPRETATION OF ECOLOGY 


It is clear from Section 7 that E. (E.) lunare exhibited con- 
siderable eurytopy with respect to substrate. However, if 
maximum size is taken as a measure of environmental 
favourability then, at least in the U. Pliensbachian, con- 
densed ironstones can be seen to have offered more suitable 
conditions than sands or clays. This can presumably be ex- 
plained, in the same way as suggested for Ps. (Ps.) equivalvis 
(see p. 71) by the reduced turbidity and possibly increased 
temperature characteristic of ironstone deposition. Speci- 
mens from the Sinemurian Arieten-Kalke which are notmuch 
smaller than those from the roughly contemporaneous 
Frodingham Ironstone may well be derived from condensed 
horizons within the predominantly argillaceous sequence 
(Uruichs, 1971). 


| 


If abundance is taken as a measure of environmental 
favourability then sandstones appear to have been just as suit- 
able as ironstones. In both facies a frequent inverse correla- 
tion in the numbers of E. (E.) lunare and Ps. (Ps.) eguivalvis 
is strong evidence for competition. In sandstones the domin- 
ant species appears to fluctuate at random from place to place 
but in ironstones E. (E.) lunare apparently lost its competi- 
tive superiority after the Sinemurian and Ps. (Ps.) equivalvis 
became dominant. There is no evidence for a similar competi- 
tive reaction with Ps. (Ps.) dentatus, Ps. (Ps.) veyrasensis or 


Ch. (Ch.) textoria. 


Competition with C. (C.) subulatus is suggested by the 
tendency after the L. Sinemurian for E. (E.) lunare to be 
most abundant in arenaceous facies, a trend essentially oppo- 
site to that observed in the former species (q. v.). 


Recent analogues of E. (E.) lunare are provided by species 
of Amusinm. Most live in deep water (Knunsen, 1967) but 
some, such as A. pleuronectes and A. japonicum, migrate 
considerable distances into shallow water for the purpose of 
spawning (B. MorTon, pers. comm., 1978). Swimming ability 
is excellent, with “flights’ of at least 10 m being possible, even 
at shell lengths near 100 mm. Stationary individuals recess 
into the sea bed. 


9. FUNCTIONAL MORPHOLOGY 


The small juvenile byssal notch and its subsequent allomet- 
ric reduction in size imply that £. (E.) lunare could only have 
been byssally attached for a very short period early in on- 
togeny. 

The large, smooth, low convexity shell is paradigmatic for 
reclining in the high energy environments favoured by the 
species. The dorsally extended auricles of the right valve may 
have assisted reclining in the same way as suggested for Prop- 
eamussium (P.) laeviradiatum (see p. 31). The thin shell is 
non-paradigmatic for reclining but probably represents an 
adaptation towards improved swimming efficiency, com- 
bined with ontogenetic increase in the umbonal angle. 
Smoothness and low convexity are also adaptive for swim- 
ming, but large size isnot. However, bearing in mind the sizes 
at which swimming is possible in Amusium (see Section 8), it 
seems likely that the thinness of the shell offset any disadvan- 
tage resulting from the greater weight associated with large 
size. 


Due to the rarity of bivalved specimens and generally poor 
preservation of the muscle scars, it has proved impossible to 
judge whether the high values for adductor muscle obliquity 
(THAYER, 1972) and moment (Gouip, 1971) which contribute 
towards the considerable swimming ability of Amusium, are 
also characteristic of E. (E.) lunare. 


The internal costae which presumably compensate for the 
reduced strength and stiffness of the smooth, non-plicate shell 
in Amusium would appear to be functionally represented by 
divaricate fibres within the shell of E. (E.) lunare. 


10. ORIGINS AND EVOLUTION 


Since E. (E.) lunare is first recorded in the Planorbis zone 
its origins probably lie in the Trias. E. (E.) discites 
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(SCHLOTHEIM), a Trias species with a slight byssal notch seems 
to be the most likely ancestor. 


There are no phyletic trends within E. (E.) Iunare apart 
from a marked increase in maximum height in the same iron- 
stone facies from 57 mm in the U. Sinemurian to 116 mm 
(possibly 145 mm, see Section 4) in the U. Pliensbachian. It 
should, however, be noted that the value of 3'/,” (88 mm) 
cited for the “diameter” of Roemer’s holotype from the Her- 
tangian (BrAuns, 1871) almost certainly implies aheight great- 
er than that attained in the U. Sinemurian, albeit in an iso- 
lated specimen. 


The Toarcian decline of E. lunare may well be due to the 
widespread development of unfavourable bituminous shale 
facıes in the lower substage. However, the fact that there ap- 
pear to be at least afew U. Toarcian representatives (see Sec- 
tion 5) suggests that competition with E. (E.) corneolum, a 
species which apparently evolved in the latter substage, may 
also have played a part. 


Entolium (Entolinm) corneolum (Young and Bırp 1828) 
Pl. 1, Figs. 24-26, ? Figs. 20, 22, 27; text figs. 30-37 


Synonymy 
1828 „ Pecten corneolus sp. nov; YOUNG and BIRD, 
pP. 234, pl. 9, fig. 5. 
v* 1829 Pecten demissus sp. nov; PHILLIPS, pl. 6, fig. 5. 
? 1833  Pecten Phillipsii sp. nov; VOLTZ in THURMANN, 


p- 32. 
1833 Pecten disciformis sp. nov; 
v. ZIETEN, p. 69, pl. 53, fig. 2. 


SCHÜBLER in 


pv? 1836  Pecten cingulatus sp. nov; GOLDFUSS, p. 74, pl. 99, 
figs. 3a, 3b. 
? 1836  Pecten subcomatus sp. nov; ROEMER, p. 70, pl. 3, 
fig. 17. 
1836  Pecten vitreus sp. nov; ROEMER, p. 72, pl. 13, 
Ho 
1836  Pecten solidus sp. nov; ROEMER, p. 212, pl. 8, 
fig. 5. 
1839  Pecten spathulatus sp. nov; ROEMER, p. 26, pl. 18, 
fig. 22. 
vnon 1850 Pecten disciformis SCHÜBLER, D’ORBIGNY, v. 1, 
p- 237. 
v2 1850  Pecten Proeteus sp. nov; D’ORBIGNY, v. 1, p. 257. 
v* 1850  Pecten sılenus sp. nov; D’ORBIGNY, v. 1, pp. 284, 
314 (BOULE, 1910, v. 5, p. 69, 1909, v. 4, pl. 20, 
fig. 12). 
v* 1850  Pecten Rhypheus sp. nov; D’ORBIGNY, v. 1, p. 314 
(BOULE, 1913, v. 8, p. 92, pl. 2, figs. 24, 25). 
v”? 1850  Pecten subcingulatus sp. nov; D’ORBIGNY, v. 1, 
p. 374 (BOULE, 1927, v. 16, p. 132, 1928, v. 17, 
pl. 6, fig. 9). 
vnon 1852 Pecten cingulatus GOLDFUSS; QUENSTEDT, p. 506, 


pl. 40, fig. 41. 

1853  Pecten disciformis SCHÜBLER; CHAPUIS and DE- 
WALQUE, p. 21, pl. 31, fig. 2. 

1855 Pecten demissus PHILLIPS; MORRIS and LYCETT, 
p- 127, pl. 14, fig. 7. 


v* 1855 Pecten censoriensis sp. nov; COTTEAU, p. 112. 
v 1858 Pecten demissus PHILLIPS; QUENSTEDT, pp. 353, 
381, 553, pl. 48, figs. 6, 7, pl. 72, fig. 27. 
v*? 1858 Pecten demissus Gingensis subsp. nov; QUEN- 


STEDT, p. 378, pl. 51, fig. 1. 
1858 Pecten spathulatus ROEMER; QUENSTEDT, p. 433, 
pl. 59, fig. 13. 
Pecten Renevieri sp. nov; OPPEL, p. 420. 
1860 Pecten Silenus D’ORBIGNY; COQUAND, p. 68. 
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non 


voveV 


u 


u 


non 


u 


u 


(? 


) 


"vv 


Pecten demissus PHILLIPS; COQUAND, p. 73. 
Pecten solidus ROEMER; COQUAND, p. 79. 

Pecten demissus PHILLIPS; DAMON, pl. 9, fig. 3. 
Pecten Nicoleti sp. nov; ETALLON in THURMANN 
and ETALLON, p. 263, pl. 37, fig. 5. 

Pecten solidus ROEMER; THURMANN and ETAL- 
LON, p. 262, pl. 37, fig. 5. 

Pecten demissus PHILLIPS; TRAUTSCHOLD, p. 2, 
pl. 7, figs. 2, 4 (non fig. 3). 

Pecten demissus PHILLIPS; LINDSTROM, p. 14, 
pl. 3, figs. 9, 10. 

Pecten spatulatus ROEMER; LAUBE, p. 9. 

Pecten demissus PHILLIPS; LAUBE, p. 10. 

Pecten Gingensis QUENSTEDT; WAAGEN, p. 627. 
Pecten oblongus sp. nov; WAAGEN, p. 629. 
Pecten disciformis SCHÜBLER; DUMORTIER, p. 199. 
Pecten cingulatus GOLDFUSS; TERQUEM and 
JoURDY, p. 127. 

Pecten solidus ROEMER; DE LORIOL and PELLAT, 
p- 189, pl. 22, fig. 5. 

Pecten Pilatensis sp. nov; FAVRE, p. 65, pl. 7, fig. 3. 
Pecten vitreus ROEMER; DE LORIOL, p. 93, pl. 13, 
figs. 3-5. 

Pecten (Entolium) vitreus ROEMER; ROEDER, 
p. 56, pl. 2, figs. 2a, 2b, pl. 4, figs. 14a-d. 

Pecten demissus PHILLIPS; LAHUSEN, p. 24, pl. 2, 
fig. 4. 

Pecten demissus PHILLIPS; LUNDGREN, p. 16, 
pl. 2, fig. 12. 

Pecten demissus PHILLIPS; WHIDBORNE, p. 498. 
Pecten demissus var. ınutile var. nov; WHID- 
BORNE, p. 499. 
Pecten  gingensis 
p. 499. 

Pecten disciformis SCHÜBLER; SIMPSON, p. 172. 
Pecten (Amusium) Pilatensis FAVRE; NICOLIS and 
PARONA, p. 45. 

Pecten disciformis SCHÜBLER; ROTHPLETZ, p. 36. 
Pecten Rypbeus D’ORBIGNY; SCHLIPPE, p. 126, 
pl. 2, fig. 6. 

Pecten (Entolium) cingulatus GOLDFUSS; BOTTO- 
MiccA, p. 174. 

Pecten vitreus ROEMER; DE LORIOL, p. 312, pl. 33, 


QUENSTEDT; WHIDBORNE, 


fig. 8. 

Chlamys (Pecten) vitrea (ROEMER); SIEDMIRADZ- 
K1.p 119: 

Pecten (Entolinm) _disciformis SCHÜBLER; 


MORICKE, p. 37. 

Pecten vitreus ROEMER; DE LORIOL, p. #5. 

Pecten demissus PHILLIPS; SEMENOW, p. 63. 
Pecten vitreus ROEMER; DE LORIOL, p. 129, pl. 16, 
figs. 5, 6. 

Pecten demissus PHILLIPS; POMPECK], p. 779. 
Pecten disciformis SCHÜBLER; POMPECK], p. 779. 
Pecten (Entolium) cingulatus GOLDFUSS; GRECO, 
p. 109, pl. 8, figs. 30, 31. 

Pecten (Entolium) disciformis SCHÜBLER; TORN- 
QUIST, p. 31. 

Pecten demissus PHILLIPS; SIMIONESCU, p. 
pl. 2, fig. 6. 

Pecten (Entolium) disciformis SCHÜBLER; BURCK- 
HARDT, p. 22, ?p. 8. 

Pecten vitreus ROEMER; ILOVAISKY, p. 251, pl. 8, 
fig. 13. 

Pecten (Chlamys) ct. Rypheus D’ORBIGNY; KıL- 
IAN and GUEBHARD, p. 743. 

Pecten (Entolium) gingensis QUENSTEDT; KILIAN 
and GUEBHARD, p. 743. 

Pecten cf. disciformis SCHÜBLER; KILIAN and 
GUEBHARD, p. 743. 

Pecten (Entolium) demissus PHILLIPS; KILIAN and 
GUEBHARD, p. 766. 
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non 


u 


Y 
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Pecten (Entolium) solidus ROEMER; KILIAN and 
GUEBHARD, p. 818. 

Pecten censoriensis COTTEAU; PERON, p. 232, 
pl. 10, figs. 5, 6. 

Pecten demissus PHILLIPS; DENINGER, p. 453. 
Pecten (Entolium) vitrens ROEMER; LEWINSKI, 
p. 435. 

Entolium demissus (PHILLIPS); LiSSAJOUS, p. 363, 
pl. 10, figs. 7, 8. 

Pecten (Entolium) demissus 
p- 463. 

Pecten (Entolium) cingulatus GOLDFUSS; RAVN, 
p- 464, pl. 33, fig. 7. 

Pecten (Entolinm) vitreus 
p. 193, pl. 7, figs. 17, 18. 
Pecten (Entolium) disciformis SCHUBLER; ROL- 
LIER, p. 260. 

Pecten (Entolinm) Giengensis sp. nov; ROLLIER, 
p- 260. 

Pecten (Entolium) Sılenus D’ORBIGNY; ROLLIER, 
p- 260. 

Pecten (Entolium) Rypheus D’ORBIGNY; ROLLIER, 
p- 261. 

Pecten (Entolium) spathulatus ROEMER; ROLLIER, 
p- 262. 

Pecten (Entolinm) cingulatus GOLDFUSS; ROLLIER, 
p- 263. 

Pecten demissus PHILLIPS; KRENKEL, p. 296. 


PHILLIPs; RAVN, 


ROEMER; BODEN, 


Entolium disciforme (SCHÜBLER); COSSMANN, 
p- 45, pl. 8, figs. 10, 11. 

Pecten demissus PHILLIPS; DOUVILLE, p. 75, pl. 10, 
fig. 2. 

Pecten demissus PHiLLıPps; BORISSIAK and 
IVANOFF, p. 3, pl. 1, figs. 5, 8, 10, 15, 17. 

Pecten spathulatus ROEMER; BORISSIAK and 
IVANOFF, p. 6, pl. 1, fig. 13. 


Pecten vitreus ROEMER; BORISSIAK and IVANOFF, 
p- 8, pl. 1, figs. 1,2, 12, 16 (non fig. 4). 


Entolium silenus (D’ORBIGNY); COSSMANN, 
p- #36. 
Pecten solidus ROEMER; FAURE-MARGUERIT, 
P:x25% 


Pecten cf. vitreus ROEMER; LEWINSKI, p. 60, pl. 2, 
fig. 11. 


Syncyclonema demissum (PHILLIPS); LISSAJOUS, 
p- 167. 

Syncyclonema spathulatum (ROEMER); LISSAJOUS, 
p- 168. 

Entolium leachi sp. nov; MCLEARN, p. 48, pl. 5, 
fies. 3, 11. 

Pecten (Entolium) demissum PHILLIPS; HENNIG, 
p- 14, pl. 2, figs. 1,2. 

Entolium Proeteus (D’ORBIGNY); STAESCHE, p. 92, 
pl. 6, figs. 3, 4. 

Entolium Renevieri (OPPEL); STAESCHE, p. 9, 
pl. 3, fig. 4, pl. 6, fig. 6. 

Entolium cingnlatum (GOLDFUSS); STAESCHE, 
p. 9, pl. 4, figs. 3, 4. 

Entolium demissum (PHILLIPS); STAESCHE, p. 99, 
pl. 4, fig. 5. 

Entolium Gingense 
p- 102, pl. 5, figs. 1, 2. 
Entolium aff. solido (ROEMER); STAESCHE, p. 103, 
pl. 3, figs. 13-15. 

Entolium disciformis (SCHUBLER); ROMAN, p. 155. 
Entolium spathulatus (ROEMER); ROMAN, p. 168. 
Entolium vitrens (ROEMER); ROMAN, p. 198. 
Pecten (Entolium) demissus PHILLIPS; LANQUINE, 
p. 199. 

Pecten (Entolium) valauryense sp. nov; LAN- 
QUINE, p. 324, pl. 10, fig. 7. 


(QUENSTEDT); STAESCHE, 


v 1930a 
1931 
1931 

(2) 1931 
1932 
1933 
1934 

? 1934 
1935a 
1935 

? 1936 
1936 
1936 

(2) 1936 
1936 

? 1936 

1938 

non 1939 
1939 
1948 
1950 


2 1951 


1952 
1954 


1957 
1961 


1961 
1961 
non 1964 
1965 

? 1965 

2? 1966 

? 1966 


2 1970 
1971 


? 1971 
1971 
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Entolium demissum (PHILLIPS); ARKELL, p. 91, 
pl. 7, fig. 4, pl. 9, fig. 8, text figs. 15-17. 

Pecten (Camptonectes) vitreus ROEMER; Yın, 
p- 118. 

Pecten (Entolium) cf. demissus PHILLIPS; SOKO- 
LOV and BODYLEVSKY, p. 50, pl. 3, fig. 5. 

Pecten (Entolium) cf. Nicoleti ETALLON; SOKO- 
LOV and BODYLEVSKY, p. 52. 

Entolium demissum (PHiLLıps); SPATH, p. 112, 
pl. 26, fig. 2. 

Pecten (Entolium) solidus ROEMER; DIETRICH, 
p- 65, pl. 8, figs. 118, 119. 

Pecten (Entolinm) demissus (PHILLIPS); STOLL, 
p- 22, pl. 2, fig. 21. 

Entolium demissum (PHILLIPS); ROSENKRANTZ, 
p. 117. 

Entolium demissum (PHiLLiPs); ARKELL, p. x, 
pl. 53, fig. 3. 

Pecten (Entolium) cf. demissus (PHILLIPS); SPATH, 
p- 56. 

Entolinm cingulatus (GOLDFUSS); DECHASEAUX, 
p- 60. 

Entolium disciformis (SCHUBLER); DECHASEAUX, 
p- 61, pl. 8, figs. 12, 13. 

Entolinm demissus (PHiLLıPs); DECHASEAUX, 
p- 61. 

Entolium Gingensis (QUENSTEDT); DECHASEAUX, 
p- 63. 

Entolium spathulatus (ROEMER); DECHASEAUX, 
p- 63. 

Entolium cf. demissum (PHILLIPS); WANDEL, 
p- 481. 

Entolium demissum (Phillips); WEIR, p. 46, 
pl. 3, fig. 8. 

Entolium disciforme (SCHÜBLER); STEFANINI, 
p- 177, pl. 19, fig. 15, pl. 20, fig. 1. 

Entolium demissum (PHILLIPS); STEFANINI, p. 179, 
pl. 22, figs. 2, 3. 

Entolium corneolum (YOUNG and BIRD); Cox 
and ARKELL, p. 15. 

Entolium corneolum (YOUNG and BIRD); CHAN- 
NON, pp. 247, 248. 

Entolium cingulatum (GOLDFUSS); TROEDSSON, 
p- 217, pl. 20, figs. 1-3, pl. 21, figs. 11, 12. 
Entolinm demissum (PHILLIPS); MAKOWSKI, p. 17. 
Pecten (Entolium) disciformis (SCHÜBLER); DEAN, 
p. 176. 

Entolium leachı MCLEARN; FREBOLD, p. 21. 
Entolium cf. disciforme (SCHÜBLER); HAYAMI, 


p- 255. 

Entolium demissum (PHILLIPS); BARBULESCU, 
pp. 701, 702. 

Entoliunm cf. cingulatum (GOLDFUSS); BARBU- 
LESCU, p. 702. 


Entolium cingulatum (GOLDFUSS); WELLNHOFER, 
p- 35, pl. 1, figs. 28-30. 
Entolium corneolum (YOUNG and BIRD); Cox, 


p- >51. 

Entolium cingulatum (GOLDFUSS); Cox, p. 52, 
pl. 6, fig. 15. 

Entolium proteus (D’ORBIGNY); BEHMEL and 
GEYER, p. 28. 


Entolium demissus (PHiLLıPs); BEHMEL and 
GEYER, p. 28. 

Entolinm cingulatum (GOLDFUSS); BEHMEL, p. 62. 
Entolium cingulatum (GOLDFUSS); BARBULESCU, 
p. 277. 

Entolium proeteus (D’ORBIGNY); WENDT, p. 156. 
Entolium corneolum (YOUNG and BIRD); WENDT, 
pp- 159, 161. 

Entolium cf. cingulatum (GOLDFUSS); WENDT, 
p- 160. 
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1971 Entolium corneolum (YOUNG and BIRD); FÜR- 

SICH, p. 320. 

Entolium cingulatum (GOLDFUSS); NITZOPOULOS, 

p- #6. 

1975b  Entolium demissum (PHiLLıps); HALLAM, p. 384. 

1977 Entolium demissum (PHiLLips); DIETL, pl. 2, 
fig. 4. 

1977 Entolium demissum (PHiLLips); J. WRIGHT, 
p. 330. 

1978 Entolium (Entolium) corneolum (YOUNG and 
BirD); DUFF, p. 62, pl. 4, figs. 25, 29, 30, pl. 5, 
figs. 3-5, text fig. 20. 

1978 Entolium corneolum (YOUNG and BIRD); BROOK- 
FIELD, pp. 10, 15, 17, 26. 


? 1974 


Neotype of Pecten corneolus YounG and 
Bırp 1828, p. 234, pl. 9, fig. 5 designated by 
Durr, 1978, p. 62; OUM ]J8151; figured 
Arkeıı, 1930a, pl. 7, fig. 4; H: 68, AL: 26, 
Ir: 41, HAAR: 16.5, UA: 113; Osmington 
Oolite (M. Oxfordian), Malton, Yorkshire. 


1. ORIGINAL DIAGNOSIS AND DESCRIPTION 


“No. 5, also from the oolite, is smooth, brown, and thin 
like Sowergy’s P. corneus, Tab. 204; but it is more oblong, 
and has smaller beaks. We may give itthename P. corneolus.” 


2. AMENDED DIAGNOSIS 


Distinguished from E. (E.) lunare by the lack of a byssal 
notch and from E. (E.) orbiculare by the lack of comarginal 
grooves on the right valve. 


3. AMENDED DESCRIPTION 


Essentially similar to E. (E.) lunare, differing by the diag- 
nostic lack of a byssal notch (Pl. 1, Fig. 24), by the slower al- 
lometrie reduction in H/L (text fig. 30), by the smaller max- 
imum height (90 mm; NM, YM 531), by the slower rate of ın- 
crease ın umbonal angle, leading to generally higher H/UA 
values (text fig. 32), by the equality and isometric increase of 
the intersinal distance in both valves (text. figs. 33, 34), lead- 
ing to much higher /L values in the right valve, and by the 
isometric increase in height of the anterior auricle and proba- 
ble allometric increase in the separation of the auricular 
apices, leading to higher values of HAAy/L (text fig. 35) and 
AL/L (text fig. 31). 


4. DISCUSSION 


Examples of the species described in Section 3 have most of- 
ten been referred to ‘“Pecten’ demissus PrurLrs. The sole 
known type (YM 202), a rather atypical form with a narrow 
umbonal angle (1), was said by Arkeıı (1930a) to exemplify 
Oxfordian forms of Entolium as distinct from Bajocıan and 
Bathonian forms which were said to have a larger umbonal 
angle. Rormer’s (1836) species ‘P.’ solidus (2) and ‘P.’ vit- 
reus (3), also from the Oxfordian, were placed in synonymy 
with ‘P.’ demissus on the basis of comparable umbonal ang- 
les. ArkELL originally considered that Bajocian and Bathonian 
forms should be referred to D’Orsıcny’s (1850) species 
‘P.’ Rhypheus (syntypes [2] MNO 2908) but he later (1935a) 
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Text fig. 31: Entolium (E.) corneolum - separation of auricular apices/length. 
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considered that they should be united with forms referred to 
‘P.’ demissus (a conclusion supported by text fig. 32) under 
the slightly earlier name of ‘P.’ corneolus YounG and Bıro 
(1828). The figure of the latter species is poor and the original 
is now lost. However, the description (see Section 1) leaves 
little doubt as to its affinities and Durr has now designated an 
appropriate neotype (OUM ]8151; 4). Middle Jurassic rep- 
resentatives of E. (E.) corneolum have usually been referred 
to either ‘P.’ disciformis ScHüBLer or ‘P.’ spathulatus 
Rormer. H/UA of the original figures of both species (5 and 6 
respectively) from the M. Jurassic of Germany, is within the 
range of E. (E.) corneolum although that of ‘P.’ spathulatus 
is near the limit of varıation in measured specimens. 


Linpstrom’s (1866) and LUNDGREN’s (1883) incorrect re- 
cords of PhiLLıps’ species are discussed under E. (E.) lunare. 
Because of the possibility of confusion with the latter species 
in the Toarcian, unfigured records of PHiLLırs’ species from 
that stage in Pompeckj (1897), ROSENKRANTZ (1934), WANDEL 
(1936), Dean (1954) and BEHMEL and GEYER (1966) must be 
treated with considerable caution. Unfigured Toarcian re- 
cords of SCHUBLER’s species in DUMORTIER (1869), SımPsoN 
(1884), Pompeckj (1897), BurckHArpr (1903) and Der- 
CHASEAUX (1936) must be similarly treated. Pre-Toarcian fig- 
ured specimens reffered to SCHUBLER’s species by D’ORBIGNY 
(1850) and Cossmann (1916) in fact belong to E. (E.) Iunare 
as, most probably, do a number of unfigured specimens dis- 
cussed under the latter species. Sreranını's (1939) figured 
specimen from the Bajocıan of Somalia, referred to E. (E.) 
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Text fig. 32: Entolium (E.) corneolum - heigth/umbonal angle. 


disciforme, exhibits quite pronounced radial ornament and is 
therefore not representative of E. (Entolinm). TRAUTSCHOLD’s 
(1862, pl. 7, fig. 3) figured specimen from the Tithonian of 
Russia, referred to ‘F.’ demissus, exhibits alarge byssal notch 
and is probably an example of Camptonectes. TauschH’s (1890) 
unfigured record of Rormer’s ‘P.’ spathulatus from the Toar- 
cian oftheS. Alps must be viewed with the same scepticism as 
other unillustrated records of E. (E.) corneolum from the 
stage. DE Lorıor’s (1881) illustrated record of ROEMER’s 
‘P. vitreus and SrtaescHe’s (1926) illustrated record of 
Rornmer’s ‘P.’ solidus both refer to specimens with rather 
pronounced comarginal ornament which may thus be refera- 
ble to E. (E.) orbiculare. 


Borıssıak and Ivanorr’s (1917, pl. 1, fig. 4) figure of 
‘P.’ vitreus depicts a specimen with a slight byssal notch 
which is thus not referable to E. (E.) corneolum. In the pre- 
sent state of knowledge (see p. 36) it is impossible to say 
whether ıt should be referred to E. (E.) lunare or E. (E.) or- 
biculare. 


‘P.’ subcomatus RoEMmER from the Bathonian has H/UA (7) 
only just within the range of E. (E.) corneolum and until the 
type material is examined the possibility cannot be entirely 
excluded that the divaricate lines on the figure are in fact rep- 
resentative of the divaricate striae of Camptonectes (C.) 
laminatus. The fine radıal striae on a syntype of ‘P.’ subcing- 
ulatus D’Orsıcny (MNO 3763) from the Oxfordian suggest 
that the species is referable to Propeamussium, despite its en- 
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Text fig. 33: Entolium (E.) corneolum - intersinal distance on left valve/length. 
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Text fig. 34: Entolium (E.) corneolum - intersinal distance on right valve/length. 


tolioıd form. However, the syntypes of ‘P.’ silenus D’Or- 
BIGNY (MNO 2904) are completely smooth and have metric 
proportions (8) well within the range of E. (E.) corneolum. 


The subspecies ‘P.” demissus Gingensis QUENSTEDT was 
erected for a large specimen (GPIT) from the Bajocian of 
Gingen (S. Germany) with large, symmetric auricles. Apart 
from I, /L all metric proportions (9) plot within the range of 
E. (E.) corneolum and the absence of intermediate sized 
specimens precludes any assessment of whether the large I, /L 
(54/88) is the product of some hitherto undetected allometry 
or is indicative of a more profound difference. Topotype 
specimens (identified with a glyph) of which only five are 
known (GPIT, GPIG [3], MNS) plot within the range of E. 
(E.) corneolum projected to larger sizes but have strong au- 
ricular crura and thick shells (Pl. 1, Fig. 27) which may jus- 
ufy Waagen’s (1867) elevation of the subspecies to specific 
rank. Waagen erected a further species, ‘P’. oblongus, for 
forms with large auricles from the Bajocian of Gingen. Al- 
though unillustrated it seems quite possible that they are 
synonymous with ‘P.’ Gingensis, if not with E. (E.) cor- 
neolum. WHIDBORNE (1883) recorded a further unfigured 
specimen of ‘P.’ gingensis from the Northampton Sand Iron- 
stone (Aalenian) and also created the variety inutile for forms 
of ‘P.” demissus with large auricles. It seems likely that they 
too are representative of ‘P.’ Gingensis. WHIDBORNE’s variety 
celatus was said to have radiating lines and may therefore be 
representative of Propeamussium rather than E. (Entolium). 


The figure of ‘P.” Nicoleti EraLon (?holotype: Ecole can- 
tonale de Porrentruy [Wannıer and PanchHaup, 1977]) from 
the Kimmeridgian of Switzerland has extremely high H/L and 
H/UA (10) but at least with respect to the latter parameter it is 
comparable to the single type of ‘P.’ demissus PhiLips (1) and 
may therefore be no more than a narrow form of E. (E.) cor- 
neolum. 
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‘P.” Pilatensis FAvRE, from the Oxfordian of Switzerland, 
was compared with ‘P.’ demissus and ‘P.’ vitreus but has 
rather strong comarginal ornament and thus may be represen- 
tative of E. (E.) orbiculare rather than E. (E.) corneolum. 


The syntypes of ‘P’. censoriensis Corteau (MNSB. 03983; 
Pl. 1, Fig. 26) from the Oxfordian of the Yonne can only be 
distinguished from E. (E.) corneolum by a somewhat low 
HAAß/L (11). Since only two specimens are available it seems 
unwise to regard them as specifically distinet. Likewise it 
seems improper to separate E. leachi McLraArn on the basis 
of asomewhat low H/UA (12) when all other proportions of 
the figured specimen are similar to those of typical representa- 
tives of E. (E.) corneolum. Metric proportions of ‘P.’ (E.) 
valauryense Languine (13) from the Bathonian of Provence, 
are entirely within the range of E. (E.) corneolum. 


Gorpruss (1836) apparently based his concept of ‘P.” cing- 
ulatus on a specimen from the Oxfordian figured by PhinLıps 
(1829, pl. 5, fig. 11) as ‘P.’ sp. The latter possesses a slight 
byssal notch and may be a late representative of E. (E.) lunare 
(q. v.). However additional figures of ‘P.’ cingulatus pro- 
vided by Gorpruss show no sign of a byssal notch and are not 
dissimilar to E. (E.) corneolum. What may be regarded as 
paratypes in the GPIB (610a, 610b) could certainly be taken to 
be representatives of E. (E.) corneolum. However, comargi- 
nal ornament is quite strongly developed (Pl. 1, Figs. 20, 22) 
and this, together with the fact that the example figured in 
Pl. 1, Fig. 22 has a smooth opposite valve, suggests that the 
specimens may possibly be representative of E. (E.) orbicul- 
are (cf. Pl. 1, Fig. 19). Gorpruss cited localities in both theL. 
and U. Jurassic for his species, thus his hypodigm could well 
have included E. (E.) lunare in addition to one or other of E. 
(E.) corneolum and E. (E.) orbiculare. However, D’ORBIGNY 
(1850) subsequently created ‘P.’ Philenor and ‘P.’ Proetens 
for L. Jurassic forms which he would otherwise have assigned 
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Text fig. 35: Entolium (E.) corneolum - height of anterior auricle on right valve/length. 


52 


to ‘P.’ cingulatus and, following StAzscHe (1926), Cox (1952, 
1965) has taken this to imply a restricuon of GoLDrFuss’ 
hypodigm to U. Jurassic forms. It should be noted in passing 
that Dechaseaux (1936) and Troeosson (1951) have applied 
Gorpruss’ specific name to L. and M. Liassic forms of E. 
(Entolium) which are, in consequence of the horizon of de- 
rivation, very probably representative of E. (E.) lunare. Ex- 
amples of E. (Entolium) from U. Jurassic marls ın $. Ger- 
many, whence some of GoLpruss’ paratypes were derived, 
appear to be distinguishable from E. (E.) corneolum (the 
E. (Entolium) species usually encountered elsewhere at this 
time) by a low UA. However, text fig. 32, in which these 
specimens are identified with a double glyph, shows that this 
is an illusion created by small size. Nevertheless, certain 
specimens collected by WELLNHOFER (1964) from marls in the 
U. Jurassic of $S. Germany probably differ from E. (E.) cor- 
neolum in the possession of internal ridges (see p. 36) and it 
could be that GoLpruss’ paratypes are similarly distinct. The 
affinities of GoLDruss’ species are thus extremely uncertain 
and while it seems likely that most authors would apply the 
name cingulatus to specimens referable to E. (E.) corneolum 
there remains the possibility for U. Jurassic forms that GoLD- 
Fuss’ specific name could be applied to E. (E.) orbiculare or to 
the probably separate species with internal ridges. Specimens 
figured by Ravn (1910) and Cox (1965) appear similar to 
WELLNHOFER’s material while specimens referred to E. cıng- 
ulatum by STAESCHE (1926), apparently with strong comargi- 
nal ornament, may be representative of E. (E.) orbiculare. 
However, unillustrated U. Jurassic specimens referred to 
Gorpruss’ species by ROLLIER (1911), BEHMEL (1970), WENDT 
(1971) and NırzorouLos (1974) are of completely indetermi- 
nate affinities. Since neither the ‘species’ with internal ridges 
nor E. (E.) orbicnlare are known definitely to occur before 
the U. Jurassic, unillustrated M. Jurassic records of GoLD- 
Fuss’ species in TERQUEM and JourDY (1869), BoTto-MiccA 
(1893) and Barsurescu (1961, 1971), together with GrEco’s 
(1898) poorly illustrated record, can be ascribed with some 
confidence to E. (E.) corneolum. The specimen (GPIT 
4-74-10; Pl. 1, Fig. 11) figured by Quensteopt (1852) as “Pec- 
ten’ cingulatus (accorded the name ‘P.’ cornutus by QuEns- 
TEDT in 1858) has extremely extended auricles on the right 
valve and in this respect resembles Propeamussium (P.) 
laeviradiatum (see however p. 29). It is possible (see p. 
41) that some of the specimens referred to D’ORBIGNY’S 
(1850) replacement specific name (‘P.’ Proeteus) for Toarcian 
‘P.’ cingulatus may belong to E. (E.) corneolum and 
Wenpr’s (1971) record from the Aalenian and Bajocian of Sic- 
ily almost certainly refers to the latter species. 


‘P.” Renevieri Opprı was erected for an unfigured speci- 
men from the Bajocıan of $. Germany said to generally re- 
semble ‘P.’ cingulatus but to differ by stronger comarginal 
ornament. The density of the latter (12 per half inch) is proba- 
bly too high to suggest that ‘P.’ Renevieri is an exceptionally 
early representative of E. (E.) orbiculare and a specimen 
(GPIT) from the same stage and region, referred to Opper’s 
species by STAESCHE (1926), appears to be a form of E. (E.) 
corneolum in which growth has been periodically halted, re- 
sulting in a regular arrangement of strong growth lines. 


‘P.’ Phillipsii Vortz proposed, like ‘P.’ cingulatus GoıD- 
Fuss, for ‘P.’ sp. PhırLirs and applied to unfigured Bathonian 


specimens from E. France, is almost certainly referable to E. 
(E.) corneolum. It should be noted that Vorrz’s species (pub- 
lished in 1833) becomes a senior objective synonym of GoLD- 
Fuss’ species if the latter is taken to include the original of 
‘P.’ sp. Pruuips (see above). It should be further noted that 
following the ambiguous statement in GoLDFUss many au- 
thors (e. g. QuUENSTEDT, 1852; TERQUEM and JournY, 1869; 
Greco, 1898) have incorrectly ascribed the authorship of 
‘P.” cingulatus to PHiLLirs (1829). 


In the interests of brevity unfigured secondary records of 
synonymous and probably synonymous species which are of 
no relevance to Sections 4-10 are excluded from the 
synonymy. They may be found in the following works: for 
‘P.’ corneolus, CHannon (1950); for ‘P.’ demissus, BEAN 
(1839), QUENSTEDT (1843), D’OrBıGny (1850), v. SEEBACH 
(1864), SCHLIPPE (1888), Parısand RıcHArDsSON (1916), ROMAN 
(1926), BarsuLescu (1971); for ‘P.’ disciformis, v. BucH 
(1839), Opreı (1858),, v. SEEBACH (1864), WAAGEN (1867), 
DenınGer (1907), LAnQume (1929), BArBULEscU (1961); for 
‘P.’ vitreus, DE Lorıor (1894, 1901, 1904), SokoLOV and 
BopyLevsky (1931); for ‘P.’ solidus, D’Orsıcny (1850), Ar- 
KELL (1926); for ‘P.’ spathnlatus, TERQUEM and JOURDY 
(1869), BarsuLescu (1971); for ‘P.’ silenus, FürsıcH (1971); 
for ‘P.’ Gingensis, DEnınGEr (1907), LAnouine (1929); for 
‘P.’ Renevieri, RoıLıer (1911), Fürsıch (1971); for 
‘P.’ Nicoleti, Sırmirapzkı (1893); for ‘P.’ Valauryense, De- 
CHASEAUX (1936). 


5. STRATIGRAPHIC RANGE 


The earliest records of E. (E.) corneolum are provided by 
six specimens (GPIG) from the Toarcian of Esch, Luxem- 
bourg which lack a byssal notch, have high H/UA ratios and 
exhibit the large auricles (Pl. 1, Fig. 25) typical of the species. 
From the ironstone matrix it is reasonable to conclude that the 
specimens are derived from the U. Toarcıan strata in the area. 
A specimen (GPIG) from the same horizon at Heiningen, 
S. Germany has the ovate form more characteristic of E. (E.) 
corneolum than E. (E.) lunare while two specimens from the 
U. Toarcıan of Somerset (BM L42004, L74597) and a further 
specimen from undifferentiated Toarcian in Warwickshire 
(BM 66789) have the high H/UA ratios typical of E. (E.) cor- 
neolum. A number of poorly preserved specimens from un- 
differentiated Lias in S. America (GPIG) have a narrow form 
highly reminiscent of E. (E.) corneolum. Specimens from the 
Toarcıian which have poorly preserved auricles and which 
therefore cannot confidently be assigned to a species are pre- 
fixed by a question mark in text fig. 32. Bibliographic records 
from the Toarcian of species which are considered herein to be 
synonymous with E. (E.) corneolum are all equivocal (see 
Section 4). However, it is perhaps worth noting that Dumor- 
rıer’s (1869) and BenmerL and Geyer’s (1966) citations are of 
specimens from the Bifrons Zone (L. Toarcian). 


E. (E.) corneolum becomes common and locally abundant 
in the Aalenian and continues thus until the uppermost Juras- 
sic (TrautscHoLD, 1862; DE LorıoL and PEıLar, 1875; Yın, 
1931; ?Kırıan and Gu£sHarD, 1905). Specimens from the 
U. Volgian of Moscow (GPIG; Borıssıak and Ivanorr, 1917) 
probably indicate that E. (E.) corneolum survived into the 
Cretaceous. 
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Text fig. 36: 


6. GEOGRAPHIC RANGE 


Unequivocal Toarcian records of E. (E.) corneolum are re- 
stricted to Europe (text fig. 36) and the same may also be true 
in the Aalenian; Wanner’s (1936) record from that stage in the 
E. Indies being of an unfigured specimen which was merely 
compared with PhitLıps’s synonym (‘P.’ demissus) of E. (E.) 
corneolum. Subsequently the species spread to many parts of 
the world resulting, by the U. Jurassic, in a palaeolatitudinal 
range approaching 100° (text fig. 37). Outside Europe E. (E.) 
corneolum is, however, only known to be common in the Ba- 
jocian of the Andes (Tornguist, 1898) and the Oxfor- 
dian/L. Kimmeridgian of E. Greenland (Spark, 1935) and 
the species is notably absent from the U. 5. Western Interior 
where the reduced diversity fauna, in which Camptonectes is 
the only common pectinid, is suggestive of high environmen- 
tal stress (Harıam, 1975a). McLEARN’s (1924) record of com- 
mon specimens from undifferentiated Jurassic in Alberta may 
well be from the Callovian, bearing in mind FresoLp’s (1957) 


Entolium (E.) corneolum — European distribution. 


use of McLraan’s synonym (E. leacht) of E. (E.) corneolum 
for specimens from that stage. 


7. DESCRIPTION OF ECOLOGY 


E. (E.) corneolum first occurs commonly in the chamosite 
oolites of the Northampton Sand Ironstone (Aalenıan; 
Opalinum zone) where it reaches a maximum height of 
53 mm (author’s collection) and is associated with a diverse 
bivalve fauna (see p. 26) including Propeamussium (P.) 
pumilum but lacking P. (P.) laeviradiatum. In a similar 
sedimentary and faunal association in the Murchisonae zone 
of S. Germany E. (E.) corneolum is abundant and reaches a 
maximum height of 58 mm (GPIT) while in the Aalenian of 
Lorraine the species is common in chamosite oolites of the 
Opalinum zone and reaches a maximum height of 90 mm 
(NM) in ıronshot sediments probably of the Concavum zone. 
E. (E.) corneolum occurs in a variety of limestones (including 


Text fig. 37: Entolium (E.) corneolum —- World distribution (Callovian reconstruction). 
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those bearing corals [CHannon, 1950]) in the Aalenıan of the 
Cotswolds (reaching a maximum height of 49 mm [OUM 
J34471]) and near Yeovil it occurs commonly in ironshot ool- 
ites. In similar sediments in Provence E. (E.) corneolum 
reaches a maximum height of 74 mm (Languine, 1929). 


IntheL. Bajocian of $. Germany E. (E.) corneolum attains 
a maximum height of 40.5 mm (GPIT) and is particularly 
abundant in the Blaukalke, a sandy limestone (STAESCHE, 
1926). Specimens from the Sowerbyi-Banke which are refera- 
ble to the possibly synonymous species ‘P.’ Gingensis (QUEN- 
STEDT (see Section 4) attain a maximum height of 87 mm 
(GPIT) but specimens which are definitely referable to E. (E.) 
corneolum attain a maximum height of 90 mm (YM 531) in 
the contemporaneous Millepore Bed, a sideritic sandstone in 
Yorkshire (fauna p. 123). Only one specimen (GPIG) ıs 
known from the relatively restricted fauna (indicative of 
lower environmental stability) in the somewhat later Scar- 
borough Beds of the same area. In the L. Bajocian of E. 
France E. (E.) corneolum occurs quite frequently in inter-reef 
biosparites and biomicrites (Harram, 1975 b). 


In the U. Bajocıan of $S. Germany the species is reported to 
be abundant (SraescH£, 1926) and reaches a maximum height 
of 41 mm (GPIT). It is also common in condensed ironshot 
oolites in Normandy while contemporaneous specimens 
from limestones in the Cotswolds are common and attain a 
maximum height of 71 mm (BM LL15). The species is re- 
ported to be common in Bajocian dolomitised oolites in the 
Maritime Alps (Kırıan and GuUEBHARD, 1905). 


Records of common L. Bathonian specimens of E. (E.) 
corneolum are restricted to the Mäconnais (Lıssajous, 1923) 
and the species is not known to be common again until the 
uppermost Bathonian (Discus zone) when it is found in the 
shell fragment limestones of the L. Cornbrash in England 
(fauna p. 128), attaining a maximum height of 55 mm (OUM 
]7135). All the specimens cited by Cox and Arkeıı (1948) 
from the marginal marine facies of the Bathonian in central 
England appear to be representatives of Camptonectes (M. ]. 
BRADSHAW, pers. comm., 1977) and the majority of Bathonian 
records of E. (E.) corneolum are in fact concentrated in cen- 
tral and southern Europe (text figs. 36, 37). 


In the L. Callovian (Macrocephalus zone) E. (E.) cor- 
neolum is abundant in the chamosite oolith-bearing lime- 
stones of the U. Cornbrash in Yorkshire and attains a max- 
imum height of 55 mm (SbM H 73.4). In the immediately 
overlying Shales of the Cornbrash the species is reported to be 
abundant (J. WrıGHT, 1977) but all specimens discovered by 
the author have been small (H: <30). In the same area similar 
specimens (Hmax: 36.5; BM 47433) are faırly common in the 
low diversity benthic fauna (see p. 208) of sandstones form- 
ing the Kellaways Rock (Calloviense zone) and chamosite 
oolites forming the Hackness Rock (U. Callovian; Athleta 
and Lamberti zones) both of which were probably deposited 
very near shore (]. WRIGHT, 1978). Small specimens also oc- 
cur in the more basinal non-bituminous shales of the L. and 
M. Callovian in E. Scotland and U. Callovian of E. England 
(Durr, 1978). However, in the predominantly bituminous 
shalesoftheL. and M. Callovıan in the latter area E. (E.) cor- 
neolum is not only small but is restricted to asubordinate role 
in shell beds which contain, in comparison to contiguous de- 


posits, a relatively high proportion of suspension feeding 
bivalves (Durr, 1975). KıLıanand Gu£BHArD (1905) report the 
species as common in thin-bedded limestones containing 
numerous suspension feeding bivalves in the Callovian of 
S. France while Lewinski (1908) reports common examples in 
marls of the same age in Poland. 

Ro£per (1882) reports common E. (E.) corneolum in the 


L. Oxfordian “Terrain a Chailles’ of Alsace (fauna pp. 88, 208) 

and Prron’s (1905) record of common Oxfordian specimens 

from the same area may well be from this horizon rather than 

the coral-bearing limestones of the U. Oxfordian. However, 

the latter facies seems to support fairly common E. (E.) cor- 

neolum in the Swiss Jura (DE LorıoL, 1893) where the species 
reaches amaximum height of 77 mm (be Lorıor, 1895). Simi- 
lar sediments in the Oxfordıan of N. Germany (ROEMER, 
1836) and England (Arktıı, 1930a; BROOKFIELD, 1978) also 
contain E. (E.) corneolum up to amaximum height of 80 mm 
(YM 560). However the species is not particularly common, 
forming no part of the trophic nuclei of any of Fürsıch’s 
(1977) faunal associations, and according to Arkeıı (1928) ıt 
is largely restricted to inter-reef biosparites. Specimens from 
Oxfordian marls and biomicrites in$. Germany reach a max- 
imum height of only 21 mm (GPIT) but if NrrzorouLos’ 
(1974) information ıs taken to refer to E. (E.) corneolum (see 
Section 4) the species is fairly common in an otherwise sparse 
benthic fauna. In similar sediments in the Kimmeridgian of 
the same area E. (E.) corneolum attains amaximum height of 
28.5 mm (GPIT) but here, as in other occurrences in the 
stage, there is no evidence of anything more than a few speci- 
mens although the species is widespread (text fig. 36). An iso- 
lated specimen from unknown facies in Russia has a height of 
45 mm (BM L4170). E. (E.) corneolum is absent from Ox- 
fordian sands in Normandy, (CHavan, 1952), together with 
Kimmeridgian marls in N. W. Germany (HuckriEpe, 1967) 
and limestones in Poland (AırH, 1882) where the presence of 
euryhaline bivalve genera and paucity of ammonites is sugges- 
tive of abnormal salinities. By contrast, in the L. Tithonian 
ammonite-bearing marly limestones of the last area E. (E.) 
corneolum is very common (Lewinskı, 1923). In the 
M. Tithonian (Pectinatus zone) near Oxford E. (E.) cor- 
neolum is also very common, reaching a maximum height of 
57 mm (OUM ]J14519). Many specimens have somewhat low 
H/UA ratios as in the co-occurring Camptonectes (C.) au- 
ritus. E. (E.) corneolum occurs with E. (E.) orbiculare in the 
U. Jurassic of Moscow (GPIG) and Spitzbergen (SOKOLOV 
and Bopyrevsky, 1931). 


The wide variety of sediments in which E. (E.) corneolum 
is found in large numbers, of which all known European ex- 
amples are described above, is also occupied by somewhat 
fewer individuals at many other horizons in the M. and U. 
Jurassic. However, the low diversity faunas of basinal argil- 
laceous sediments in the peri-Mediterranean region do not 
appear to contain E. (E.) corneolum except possibly in the 
U. Jurassic of E. Spain where Beumeı (1970) records as the 
most common fossil the questionably synonymous species E. 
cingnlatum (see Section 4). All other records from the region 
are either from faunally rich neritic facies or from somewhat 
reduced diversity, condensed, fine-grained swell facies where 
the species seems to be small in size (e. g. Borro-Mıcca, 
1893). 


8. INTERPRETATION OF ECOLOGY 


If assessed in terms of its abundance it is clear from Section 
7 that E. (E.) corneolum was a remarkably eurytopic species 
with respect to substrate. Certain clay-grade sequences where 
the low density and diversity of other suspension feeding 
bivalves ıs indicative of high turbidity or soupy substrates 
seem to have constituted the only unfavourable environments 
and even these E. (E.) corneolum may have been able to col- 
onise in large numbers locally. However, if assessed in terms 
of its size it is clear that expanded sequences of argillaceous 
sediments did not provide the most suitable substrates for E. 
(E.) corneolum, individuals from such facies being always 
smaller than those from contemporaneous deposits of 
arenaceous grade. In the latter the large size of specimens 
from sequences where the precipitation of siderite and 
chamosite isindicative of slow sedimentation suggests that the 
development of firm substrates and low turbidity was condu- 
cive to rapid growth and the attainment of large size. Further 
support for the importance of the last factor is provided by the 
occurrence of large specimens in arenaceous sediments close 
to coral reefs, the growth of which is inhibited by high turbid- 
ity. The high environmental energy associated with arenace- 
ous sedimentation was, by the evidence of the reduced size of 
specimens from expanded compared to contemporaneous 
condensed sequences, apparently insufficient on its own to 
promote rapid growth. In fact, the relatively reduced H/UA 
of specimens from an expanded sand sequence in the 
M. Tithonian suggests that growth was actively retarded in 
such sequences. In the lack of any M. Tithonian occurrences 
of E. (E.) corneolum from condensed facies, it is impossible 
to rule out the possibility that the H/UA decrease is aphyletic 
effect (see Section 10). However, the parallel change in the 
ecologically distinct but co-occurring Camptonectes (C.) au- 
ritus argues strongly for stunting. The relative abundance of 
medium to small specimens in this and other expanded 
arenaceous and argillaceous sequences need not be viewed as 
evidence against stunting (see p. 124 and Harıam, 1965). 

In contrast to ıts considerable substrate eurytopy E. (E.) 
corneolum seems to have been unable to tolerate environ- 
ments where the low faunal diversity is indicative of abnormal 
salinıty or the more general instability of marginal marine 
situations. Sequences which were largely deposited under 
conditions of reduced oxygen tension were only colonised, 
and then rarely, at horizons where the development of shell 
beds suggests a brief replacement of stagnant by more acitve 
and oxygenated conditions. 

There is no evidence for any competitive reaction with the 
morphologically very similar species E. (E.) orbiculare, nor 
with Propeamussium (P.) pumilum and P. (P.) nonarium. 
However E. (E.) corneolum ıs very rarely found with P. (P.) 
laeviradiatum despite the favourability for the former species 
of the condensed facies to which the latter is restricted. It 
seems likely that a similar mode of life (see Section 9) may 
have led to mutual competitive exclusion. 

Very close Recent morphological analogues of E. (E.) cor- 
neolum are described on p. 45). 


9. FUNCTIONAL MORPHOLOGY 


Apart from the absence of a byssal notch E. (E.) corneolum 
isin all relevant aspects of morphology identical to E. (E.) In- 
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nare. A similar mode of life, differing only by the lack of a 
byssate juvenile phase, can therefore be inferred (see p. 45). 
E. (E.) corneolum has a lower rate of increase in umbonal 
angle so swimming ability may have been somewhat impaired 
at large sizes. The small maximum size of individuals colonis- 
ing soft argillaceous substrates is adaptive in that it minimises 
sinking into the substrate. Stunting, with its implication of in- 
adaptıveness, may therefore be an inappropriate term to apply 
to the development of small size in such environments (see 
Section 8). 


10. ORIGINS AND EVOLUTION 


E. (E.) lunare ıs the only known candidate for the ancestor 
of E. (E.) corneolum ın the Jurassic. All the differences dis- 
played by the latter species can be explained by the hetero- 
chronic alteration of the ontogeny of the former. However, 
simultaneous retardation (for H/L, IR/L, HAA/L and AH/L) 
and acceleration (for H/UA and the lack of a byssal notch) of 
the development of the components of shape with respect to 
size would have to be invoked and it is by no means certain 
whether such a situation could arise in a single speciation ev- 
ent. Itmay be that an as yet undetected species is the direct an- 
cestor of E. (E.) corneolum. 


The undoubted existence of ecophenotypic variation in size 
and the lack of adequate collections from any one facies 
throughout the stratigraphic range of E. (E.) corneolum 
makes for great difficulty in assessing phyletic changes in size. 
Specimens lumped together from all arenaceous facies exhibit 
an overall, albeit oscillatory, decrease in size from 90 mm 
(Aalenıan) to90 mm (L. Bajocıan) to 71 mm (U. Bajocıan) to 
55 mm (U. Bathonian) to 55 mm (L. Callovian) to 80 mm 
(Oxfordian) to 57 mm (M. Tithonian) and this is corrobo- 
rated, for at least part of the stratigraphic range, by a consis- 
tent reduction in size in condensed arenaceous facies from the 
Aalenıan to the L. Bajocıan to the L. Callovian (values as 
above). The reduced H/UA observed in some M. Tithonian 
specimens may not extend to other populations and so cannot 
definitely be considered as a phyletic effect, especially in the 
light of a plaubsible alternative explanation in terms of re- 
duced growth rate (see Section 8). 


Entolium (Entolium) orbiculare (J. SOwErBY 1817) 
Pl. 1, Fig. 19; text figs. 3842 


Synonymy 


1817 Pecten orbicularis sp. nov; J. SOWERBY, p. 193, 
pl. 86. 


? 1829  Pecten sp; PHiLLips, pl. 5, fig. 11. 
pv? 1836  Pecten cingulatus sp. nov; GOLDFUSS, p. 74, pl. 99, 
figs. 3a, 3b. 
? 1837 Pecten concentricus sp. nov; KOCH and DUNKEFR, 
p- 43, pl. 5, fig. 8. 
v*? 1840b Pecten partitus sp. nov; J. DE C. SOWERBY, p. 328, 


pl. 22, figs. 5, 5a. 
1843 Pecten nummularis sp. nov; G. FISCHER, p. 135, 


pl. 5, fig. 4. 
(?) 1850 Pecten partitus J. DE C. SOWERBY, D’ORBIGNY, 
v1, p.342. 
1850 Pecten nummularis G. FISCHER; D’ORBIGNY, v. 1, 
p- 373. 
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non 


non 


non 
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1852 


1864 


1866 


1869 


1874 


1876 
1881 


Pecten cingulatus GOLDFUSS; QUENSTEDT, p. 506, 
pl. 40, fig. 41. 

Pecten concentricns KOCH and DUNKER; V. SEE- 
BACH, p. 100. 

Pecten demissus PHILLIPS; LINDSTROM, p. 14, 
pl. 3, figs. 9, 10 (non PHILLIPS sp.). 

Pecten cingulatus GOLDFUSS; TERQUEM and 
JOURDY, p. 127. 

Pecten polylasmites sp. nov; GEMMELLARO and 
DI BLASI, p. 137, pl. 3, fig. 18. 

Pecten Pilatensis sp. nov; FAVRE, p. 65, pl. 7, fig. 3. 
Pecten vitreus ROEMER; DE LORIOL, p. 93, pl. 13, 
figs. 3-5 (non ROEMER sp.). 

Pecten demissus PHILLIPS; LUNDGREN, p. 16, pl. 2, 
fig. 12 (non PHILLIPS sp.). 

Pecten (Amusium) Pilatensis FAVRE; NICOLIS and 
PARONA, p. 45. 
Pecten concentrius KOCH and DUNKER; 
BEHRENDSEN, p. 416. 

Pecten (Entolinm) theodosiannus sp. nov; RET- 
OWSKI, p. 283, pl. 14, fig. 23. 

Pecten (Entolinm) erraticus sp. nov; FIEBELKORN, 
p- 400, pl. 14, fig. 12. 

Pecten (Entolium) cingulatus GOLDFUSS; BOTTO- 
MIccA, p. 174. 

Pecten Stewartianus sp. nov; LUNDGREN, p. 198, 
pl. 3, fig. 12. 

Pecten (Entolium) cingulatus GOLDFUSS; GRECO, 
p. 109, pl. 8, figs. 30, 31. 

Pecten (Entolium) gothicus sp. nov; KRAUSE, 
p- 256, pl. 4, figs. 6, 7. 

Pecten (Entolium) cingulatus GOLDFUSS; RAVN, 
p- 464, pl. 33, fig. 7. 

Pecten erraticus FIEBELKORN; RAVN, p. 464. 
Pecten (Entolium) cingnlatus GOLDFUSS; ROL- 
LIER, p. 263. 

Chlamys (Syneyclonema) Briconensis COSSMANN; 
COSSMANN, p. 3, pl. 1, fig. 20. 

Pecten vitrens ROEMER, BORISSIAK and IVANOFF, 
p- 8, pl. 1, fig. 4 (non figs. 1,2, 12, 16; non ROEMER 
SP.)- 

Syncyclonema masticonense sp. nov: LISSAJOUS, 
p- 166, pl. 30, fig. 6. 
Entolium aingulatum 
p- 93, pl. 4, figs. 3, 4. 
Entolium aff. solido (ROEMER); STAESCHE, p. 103, 
pl. 3, figs. 13-15 (non ROEMER sp.). 

Pecten (Entolium) G. FISCHER; 
SOKOLOV and BODYLEVSKY, p. 51, pl. 8, fig. 1. 
Entolium cingulatus (GOLDFUSS); DECHASEAUX, 


(GOLDFUSS); STAESCHE, 


nummularis 


p- 60. 

Entolinm masticonense (LissAJOUS); DECHAS- 
EAUX, p. 63. 

Entolium nummularis (G. FISCHER); S?PATH, 


p- 103, pl. 41, figs. 9, 10a-c, pl. 42, figs. 11a, 11b. 
Entolinm cingulatum (GOLDFUSS); TROEDSSON, 
p. 217, pl. 20, figs. 1-3, pl. 21, figs. 11, 12. 
Entolinm partitum (J. DE C. SOWERBY); COX, 
p- 35, pl. 3, figs. 11-13. 

Entolinm cingulatum (GOLDFUSS); BARBULESCU, 
p- 702. 

Entolinm cingulatum (GOLDFUSS); WELLNHOFER, 
p- 35, pl. 1, figs. 28-30. 

Entolinm briconense (COSSMANN); COX, p. 51, 
pl. 6, fig. 6. 

Entolinm cingulatum (GOLDFUSS); COX, p. 52, 
pl. 6, fig. 5. 

Entolium nummulare (G. FISCHER); ZAKHAROV, 
p- 35, pl. 5, fig. 3, pl. 6, figs. 2-6. 

Entolinm cingulatum (GOLDFUSS); BEHMEL, p. 62. 
Entolium (Entolinm) orbiculare (J. SOWERBY); 
DHONDT, p. 8, pl. 1, figs. la, Ib. 


non 1971 _ Entolium cingulatum (GOLDFUSS); BARBULESCU, 
p- 277. 
? 1971 Entolium cf. cingulatum (GOLDFUSS); WENDT, 
p- 160. 
?1972 _ Entolium sp. aff. partitum (J. DE C. SOWERBY); 
HAYAMI, p. 199, pl. 34, fig. 9. 
1974 Entolium nummulare (G. FISCHER); ZAKHAROV 
and MESEZNIKOV, p. 140. 
? 1974 Entolium cingulatum (GOLDFUSS); NITZOPOU- 
LOS, p. 46. 
1977 Entolium (Entolium) orbiculare (J. SOWERBY); 
KELLY, p. 66, pl. 4, figs. 1-10. 
?1978 _ Entolium sp. A; DUFF, p. 64, pl. 5, figs. 7-10, 


125135717. 


The holotype (M) of Pecten orbicularis 
J. Sowergy 1817, p. 193, pl. 86 has not been 
located in the Sowersy Collection at the BM 
and is probably lost. It was derived from the 
U. Greensand (Albian) of Devizes, Wilt- 
shire. 


1. ORIGINAL DIAGNOSIS AND DESCRIPTION 


“Orbicular, much depressed, concentrically striated; striae 
elevated, sharp; one valvesmooth; ears nearly equal, broadest 
at the base. 


A thin tender shell; the striae are many, a line distant from 
each other; the length and breadth are equal; the ears rather 
large. 


One of the tender products of the green sand of the Devizes 
canal, preserved by Mrs. GENT. It appears to be infrequent, as 
I have seen but one individual.’ 


2. AMENDED DIAGNOSIS 


Distinguished from E. (E.) corneolum and E. (E.) lunare 
by the presence of regular comarginal grooves on the right 


valve. 
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Text fig. 38: Entolium (E.) orbiculare — heighv/length. 


3. AMENDED DESCRIPTION 


Essentially very similar to E. (E.) corneolum. Differing 
only by the diagnostic comarginal grooves (see Section 2) 
which are situated at intervals of between I and 4 mm (Krııv, 
1977), by the smaller maximum height (54 mm; IGSR. 27/06) 
and by the somewhat lower mean H/L, H/UA and VL (text 
figs. 3840). 
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Text fig. 39: Entolium (E.) orbiculare - intersinal distance/length. 


4. DISCUSSION 


The earliest specific name erected for the species described 
in Section 3, “Pecten’ orbicularis J. SOwErBY, was founded on 
a Cretaceous specimen and most subsequent records of 
J. Sowerßy’s species have been from that period. For 


"= 


5% 


synonymy lists of Cretaceous E. (E.) orbiculare and 
synonymous species, reference should be made to Duonnr 
(1971) and Keııy (1977). 


The figure of ‘P.’ nummularis G. Fischer depicts a shell 
which lacks the comarginal grooves diagnostic of E. (E.) or- 
biculare. However, the description specifies such ornament 
thus the figure probably illustrates the smooth left valve of the 
latter species. Only Jurassic records of G. FıscH£r’s species 
are included in the synonymy. Cretaceous records may be 
traced through Duonpr (1971) and Krıry (1977). Itshould be 
noted that some subsequent authors (e. g. D’OrBıcnY, 1850; 
ZAKHAROV, 1966) have attributed ‘P.’ nummularıs incor- 
rectly to PnruLirs while SokoLov and BopyLevsky (1931) have 
attributed the name to D’OrsıcnY. 


The figure of ‘P.’ concentricnus Koch and Dunker, from 
the Kimmeridgian/Tithonian of N. Germany, depicts a 
specimen lacking a byssal notch and with strong comarginal 
ornamentasın E. (E.) orbiculare. However, H/L and H/UA 
(1) are extremely high and although this could be due to bad 
drawing, the fact that v. SersacH (1864) and BEHRENDSEN 
(1891), both of whom may well have examined the type mat- 
erial, have attributed specimens with radial ornament to 
‘P.” concentricus, suggests that Koch and Dunker’s figure is 
more probably of a left valve of Camptonectes (Campto- 
chlamys) obscurus. 


J. de C. Sowergy’s (1840b) figures of “P.” partitus from the 
probable Callovian (Cox, 1952) of Cutch (India) reveal quite 
strong comarginal ornament, as in the right valve of E. (E.) 
orbiculare. However, the syntypes (BM R. 9960) do not ex- 
hibit such ornament and although one has V/L (2) within the 
range of E. (E.) orbiculare they are too poorly preserved to be 
specifically determinate. Cox (1952) has figured topotype 
specimens which show comarginal grooves similar in form to 
those of E. (E.) orbicnlare but the apparent lack of smooth 
valves suggests that they comprise both right and left valves of 
a species which, unlike E. (E.) orbiculare, is comarginally or- 
namented on both valves (cf. ‘Syncyclonema’ masticonense 
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Text fig. 40: Entolium (E.) orbiculare — height/umbonal angle. 
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below). Hayanmı’s (1972) record of a form from the Toarcian 
of Vietnam having affinities with J. de C. Sowergy’s species is 
based on a specimen which is too poorly preserved to be spec- 
ifically determinate. 


‘P.’ polylasmites GEMMELLARO and Dı Brası from the Titho- 
nıan of Sicily was founded on two specimens with regular 
comarginal ornament and no byssal notch. Both were said to 
be left valves but if this is the case the figure indicates that PH 
must be greater than AH, a situation unknown in other pec- 
tinids. It seems much more likely that the specimens are right 
valves which are thus very similar in ornament to the corres- 
ponding valve of E. (E.) orbiculare. Metric proportions (3) 
are indistinguishable. 

‘P.’ (E.) theodosianus Rerowskı from the Tithonian of the 
Crimea is reported to be known only from left valves thus the 
strong comarginal ornament of the figured specimen cannot 
indicate any relationship with E. (E.) orbicnlare. However, 
since Rerowskı states that a byssal notch is absent ın his 
species right valves must have been available and it is thus pos- 
sible that the comarginal ornament is limited to these speci- 
mens as in E. (E.) orbiculare. Nevertheless, H/UA (4) of the 
figure is somewhat low for the latter species. 


‘P.’ (E.) erraticus FiEBELKORN and ‘P.’(E.) gothicus Krause 
from the German Kimmeridgian both have the comarginally 
grooved right valve of E. (E.) orbicnlare. V/L (5) of the figure 
of the former is somewhat high but this could be due to inac- 
curate reproduction. H/L and H/UA are indistinguishable 
from E. (E.) orbiculare. 


The figure of ‘Chlamys’ (‘Syncyclonema’) Briconensis 
CossMAnN; CossManN (1912) from the Callovian of France re- 
veals strong comarginal ornament, as in the right valve of E. 
(E.) orbiculare, but the description specifies unequal auricles, 
which may serve to differentiate the species. Unfortunately 
the degree of auricle asymmetry cannot be assessed because of 
the poor preservation of the figured specimen. Cox’s (1965) 
record of Cossmann’s species from the same horizon inE. Af- 
rıca is based on a similarly poorly preserved specimen. Coss- 
MANN’s original description and figure (1907c) has proved im- 


possible to trace. The auricles of ‘S.” masticonense Lıissajous, 
a species from the U. Bajocıan and L. Bathonian of France 
which was compared with Cossmann’s species, are somewhat 
better preserved and seem to be entolioid in form. The comar- 
ginal ornament of the right valve is indistinguishable from that 
of E. (E.) orbiculare but that of the left valve, said to consist 
of lamellose comarginal striae, may serve to differentiate the 
species. 

The questionably synonymous species ‘P.’ cingulatus 
Goıpruss (and secondary references thereto) is discussed un- 
der E. (E.) corneolum. 


The remaining questionable references listed in synonymy 
are discussed under E. (E.) corneolum (for Favre, 1876; DE 
Lorıor, 1881; STAESCHE, 1926) and E. (E.) lunare (for PhiL- 
Lıps, 1829; LinDstroMm, 1866; LUNDGREN, 1883, 1895; Borıs- 
sıak and Ivanorr, 1917; Durr, 1978). 


5. STRATIGRAPHIC RANGE 


Kerry (1977) states that specimens from the Kimmeridgian 
(e. g. IGS Y1624, Y1625; GPIG; MNR; FıeBeLkorn, 1893; 
Krause, 1908; SokoLov and BopyYLevsky, 1931; ZAKHAROV, 
1966, 1974) constitute the earliest records of E. (E.) orbicul- 
are. In fact, SokoLov and Bopyıevsky (1931) record the 
species from the Oxfordian of Spitzbergen, D’Orsıcny (1850) 
records it from the Oxfordian of various localities in France 
and Russia and univalved comarginally grooved museum 
specimens from the same stage in England (BM L66462), 
Germany (GPIG) and France (MNS) probably constitute 
further records of the species. Bibliographic records in Pnit- 
Lıps (1829), Favre (1866), NıcoLiıs and ParonA (1885), RoL- 
LIER (1911), STAESCHE (1926), BEHMEL (1970), WEnDT (1971) 
and NirzorouLos (1974) may also refer to Oxfordian exam- 
ples of E. (E.) orbiculare (see Section 4). Earlier records (in 
the Callovian: J. DE C. Sowersy, 1840; D’ORBIGNY, 1850; 
Cossmann, 1912; Cox, 1952, 1965; Durr, 1978; in the Bajo- 
cıan and Bathonian: Lissajous, 1923; DECHASEAUX, 1936; ın 
the Toarcian: Havamı, 1972) are restricted to questionably 
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Text fig. 41: 


Entolium (E.) orbiculare — European distribution. 


59 


Text fig. 42: 


synonymous species and until pre-Oxfordian bivalved speci- 
mens with smooth left valves and comarginally ornamented 
right valves are discovered it is probably best to say that the 
first appearance of E. (E.) orbicnlare ısintheU. Jurassic. Itis 
possible that another species with comarginal grooves on both 
valves may have existed in the M. Jurassic (see Section 4). 


In the Oxfordian and Kimmeridgian E. (E.) orbiculare is 
only known to be common in Spitzbergen (SokoLov and 
Bopyıevsky, 1931). Subsequently in the Jurassic it is not 
known to be common anywhere. Krııy (1977) reports the 
species as abundant in the M. Volgian (= M. Tithonian) to 
Ryazanıan (Cretaceous) of E. England and DHonopr (1971) 
states that E. (E.) orbiculare is known until the Turonian. 


6. GEOGRAPHIC RANGE 


The distribution of E. (E.) orbicnlare in the Jurassic is dis- 
tnctly Boreal with no certain records south of a 
palaeolatitude of about 25°N (text figs. 41, 42). 


7. DESCRIPTION OF ECOLOGY 


In Spitzbergen, SokoLov and Bopyrevsky (1931) record 
common E. (E.) orbiculare in association with E. (E.) cor- 
neolum in U. Oxfordian toL. Kimmeridgian black shales. In 
E. Greenland SratH (1936) records E. (E.) orbiculare with a 
height 042.5 mm from U. Tithonian (‘Portlandian’) glauco- 
nite sands and similar sediments are probably the source of a 
number of specimens from the L. Volgian (-L. Tithonian) 
ofthe Moscow area where E. (E.) corneolum also occurs. Ac- 
cording to Keııy (1977) the same sedimentary facies is domi- 
nated by E. (E.) orbiculare in the Spilsby and Sandringham 
Sands (M. Volgian to Ryazanian) of E. England. Current 
aligned specimens in the stable, convex up, position consti- 
tute between 51 and 57% of the total fauna. In the remainder, 
the deep burrowing bivalves Pleuromya and Pholadomya are 
quite common elements. In finer grained sands whose fauna 


Entolium (E.) orbiculare - World distribution (Tithonian reconstruction). 


contains a higher proportion of byssate and cemented bivalves 
indicating deposition under lower energy conditions, E. (E.) 
orbiculare constitutes only 28% of the total fauna. The max- 
imum height attained in the sequence is 55 mm (IGS R27/06). 


8. INTERPRETATION OF ECOLOGY 


The variations in abundance of E. (E.) orbiculare in the 
Spilsby and Sandringham Sands suggest that the species 
favoured high energy environments. However, the relatively 
greater abundance in coarse, high energy sands could 
merely be due to post-mortem winnowing out of small ele- 
ments of the fauna to leave concentrations of E. (E.) orbicul- 
are ın such sediments. By adopting a view that the species 
was, in fact, eurytopic with respect to environmental energy 
the otherwise anomalous occurrence of E. (E.) orbicnlare in 
black shales in Spitzbergen is reasonably explained. 


There is no evidence of any competitive reaction between 
E. (E.) orbiculare and E. (E.) corneolum. 


9. FUNCTIONAL MORPHOLOGY 


Since E. (E.) orbiculare is in all important aspects of mor- 
phology identical to E. (E.) corneolum a similar reclin- 
ing/swimming mode of life can be inferred. The development 
of pronounced comarginal ornament on the right valve ex- 
terior represents, at least in the high energy environments oc- 
cupied by the species (see Section 8), an improved adaptation 
for reclining since it increases purchase on the substrate and 
thereby promotes stability. 


10. ORIGINS AND EVOLUTION 


The most obvious ancestor for E. (E.) orbiculare is E. (E.) 
corneolum. However, it should be borne in mind that a sec- 
ond species, morphologically very similar to E. (E.) orbicul- 
are, may have existed in the M. Jurassic (see Section 4) and 
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been a more direct ancestor of E. (E.) orbiculare. Except for 
H/L, the slight differences in the metric proportions of E. 
(E.) orbiculare in comparison with E. (E.) corneolum (see 
Section 3) cannot be explained by heterochrony as the latter 
species displays little allometry in the relevant features. 

The available data on maximum height (42.5 mm: ‘Port- 
landian’, 54 mm: M. Volgian-Ryazanian) is not sufficiently 
localised in a stratigraphic sense to allow any assessment ot 
possible phyletie changes. 


Genus PSEUDOPECTEN Bayıe 1878 


Type species. M; Bayır 1878, pl. 21, fig. 1; Pecten 
equivalvis J. Sowersy 1816, p. 83, pl. 136, fig. 1; U. Pliens- 
bachian, Avallon, E. Paris Basın. 


AMENDED DIAGNOSIS 


Nearly equivalve to clearly inequivalve; between 12 and 27 
radial plicae which are nearly smooth or with spines on RV. 
L. Jur.-M. Jur., Eu., N. and $. Am., E. Indies. 


DISCUSSION 


In his diagnosis Herren (1969: N372) stated that 
Pseudopecten was nearly equivalve; Ps. (Echinopecten) bar- 
batus is, however, distinetly inequivalve. HERTLEIN stated 
that about 15 or 16 plicae were present; text fig. 43 shows that 
there is at least arange between 12 and 27 plicae. HERTLEIN ex- 
cluded N. America from the geographic range; the latter con- 
tinent can now be included on the basıs of the results of work 
presented herein. 


forms with high, vertically 
striated disc flanks etc 


forms without above 
features (see text) 


Subgenus PP EUDOPECTEN s. s. 


AMENDED DIAGNOSIS 


Plicae on right valve smooth or some with spines; nearly 
equivalve. L. Jur.-M. Jur. (Hettang.-Bajoc.), Eu., N. Afr., 
N. and $. Am. 


DISCUSSION 


Hertıein (1969: N372) omitted any reference to convexity 
in his diagnosis, which consequently does not exclude 
Ps. (Echinopecten). He erroneously limited the stratigraphic 
range to Sinemurian - Domerian and the geographic range to 
Europe. 


Within Ps. (Psendopecten) two groups may be distin- 
guished by the presence or absence of high, vertically striated 
disc flanks and comarginal striae which tongue down the sul- 
ci. Forms possessing these features usually have between 16 
and 20 plicae (text fig. 43). However 2 specimens with 13 
plicae are known to possess these features and it seems ex- 
tremely likely that forms with between 12 and 15 plicae, most 
of which are poorly preserved, also possessed them original- 
ly. This group has a bimodal plical frequency distribution 
with peaks at 14 and 17/18 plicae. Such a distribution is herein 
considered to be indicative of two species named, respective- 
ly, Ps. (Ps.) veyrasensis and Ps. (Ps.) dentatus. However, the 
possibility cannot be entirely discounted that it is indicative of 
a single polymorphic species. Apart from the number of 
plicae, forms with between 12 and 15 plicae are virtually indis- 
tinguishable from those with between 16 and 20 plicae. How- 
ever, in spite of close ecological similarities the two groups are 
not congruent stratigraphically (see pp. 79, 75) and this is 
most easily interpreted as the result of a specific difference in 
the absence of more positive proof for polymorphism. 


Text fig. 43: Pseudopecten (Pseudopecten) — frequency distribution for number of plicae. 


Forms without high, vertically striated disc flanks and 
comargınal striae which tongue down the sulci have between 
16 and 27 plicae (mode 22) and are herein referred to Ps. (Ps.) 
equivalvis. Differences in size, umbonal angle and angularity 
of the plicae in forms referred to this species can be confi- 
dently ascribed to ontogenetic and ecophenotypic variation 
(see pp. 64, 71). 


Psendopecten (Psendopecten) equivalvis (J. SOwErBY 1816) 
Pl. 2, Figs. 1, 2, 4-10, ?Fig. 3; text figs. 44-58 


Synonymy 


v 1816 Pecten equivalvis sp. nov; J. SOWERBY, p. 83, 
pl. 136, fig. 1. 
1819  Pecten acnticosta sp. nov; LAMARCK, p. 180. 
?1820  Pectinites priscus sp. nov; SCHLOTHEIM, p. 222. 
1828  Pecten sublaevis sp.nov; YOUNG and BIRD, p. 234, 
pl. 9, figs. 9, 10. 
1828 _ Pecten major sp. nov; YOUNG and BirD, p. 235. 
1833 Pecten acuticostatus LAMARCK; V. ZIETEN, p. 70, 
pl. 53, figs. 6a, 6b. 
1833 Pecten aequivalvis J. SOWERBY; V. ZIETEN, p. 68, 
pl. 52, figs. 4a, 4b. 
1833  Pecten costatulus sp. nov; HARTMANN in V. ZIE- 
TEN, p. 68, pl. 52, figs. 3a, 3b. 
v1833 _ Pecten aequivalvıs J. SOWERBY; GOLDFUSS, p. 43, 
pl. 89, fig. 4. 
vnon 1833  Pecten priscus SCHLOTHEIM; GOLDFUSS, p. 43, 
pl. 89, fig. 5. 
v 1833 Pecten acutiradiatus sp. nov; MUNSTER in GOLD- 
FUSS, p. 44, pl. 89, figs. 6a-c. 
1836  Pecten aequivalvıs J. SOWERBY; ROEMER, p. 67. 
1836 Pecten acutıcosta sp. nov; ROEMER, p. 68. 
Pecten lugdunensis sp. nov; MICHELIN in LEY- 
MERIE, pl. 24, fig. 5. 
v1850 _ Pecten aequivalvıs J. SOWERBY; D’ORBIGNY, v. 1, 


v 
oo 
w 
oo 


p- 237. 
v1850  Pecten priscus SCHLOTHEIM; D’ORBIGNY, v. 1, 
P2388 
v1850  Pecten cephus sp. nov; D’ORBIGNY, v. 1, p. 238. 
v 1850 Pecten acutıcosta LAMARCK; D’ORBIGNY, v. 1, 
p- 257. 
1850 Pecten acntiradiatus MÜNSTER; D’ORBIGNY, v. 1, 
p. 257. 
1851 Pecten acutiradiatus MUNSTER; SCHAFHÄUTL, 
p- 410. 
1852 Pecten acuticosta LAMARCK; VERNEUIL and COL- 
LOMB, p. 112. 
1852  Pecten aequivalvis J. SOWERBY; BRONN, p. 208, 
pl. 19, fig. 4. 


1852 _ Pecten priscus SCHLOTHEIM; QUENSTEDT, p. 507, 
pl. 40, fig. 42. 

1853 _ Pecten acuticosta LAMARCK; CHAPUIS and DEWAL- 
QUE, p. 211, pl. 31, figs. 3a-c. 

1853 _ Pecten aequivalvis J. SOWERBY; CHAPUIS and DE- 
WALQUE, p. 212, pl. 32, fig. 1. 

1853  Pecten aequivalvis J. SOWERBY; OPPEL, p. 77, 
pl. 4, fig. 11. 

1853 _ Pecten priscus SCHLOTHEIM; OPPEL, p. 78, pl. 4, 
fig. 10. 

1858  Pecten aequivalvis J. SOWERBY; OPPEL, p. 181. 

1858 Pecten sublaevis YOUNG and BIRD; OPPEL, p. 181. 

1858  Pecten priscus SCHLOTHEIM; OPPEL, p. 181. 

v1858 _ Pecten aequalıs sp. nov; QUENSTEDT, p. 78, pl. 9, 

fig. 13. 

1858 Pecten aequivalvis ]. SOWERBY; QUENSTEDT, 
p- 183, pl. 23, fig. 1. 

1860  Pecten aequivalvis J. SOWERBY; COQUAND, p. 62. 

1863 _ Pecten priscus SCHLOTHEIM; SCHLÖNBACH, p. 542. 
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Pecten aequalis QUENSTEDT; TERQUEM and 
PIETTE, p. 102, pl. 12, figs. 15-19. 

Pecten acutiradiatus MUNSTER; DUMORTIER, 
pp- 72, 217, pl. 48, figs. 5, 6. 

Pecten priscus SCHLOTHEIM; DUMORTIER, p. 216, 
pl. 48, fig. 4. 

Pecten acutiradiatus MUNSTER; DUMORTIER, 
p- 135, pl. 21, fig. 8. 

Pecten acunticostatus LAMARCK; DUMORTIER, 
p- 136, pl. 21, fig. 7, p. 305, pl. 39, fig. 3. 

Pecten priscus SCHLOTHEIM; DUMORTIER, p. 138, 
pl. 22, fig. 3. 

Pecten aequivalvis J. SOWERBY; DUMORTIER, 
p- 298, pl. 42, figs. 16, 17. 

Pecten priscus SCHLOTHEIM; BRAUNS, p. 390. 
Pecten aequivalvis J. SOWERBY; BRAUNS, p. 391. 
Pecten aequivalvis J. SOWERBY; TIETZE, p. 106. 
Pecten Hinterhuberi sp. nov; TIETZE, p. 107, 
pl. 3, fig. 4. 

Pecten aequaliıs QUENSTEDT; TATE and BLAKE, 
P2363. 

Pecten aequivalvıs J. SOWERBY; TATE and BLAKE, 
p- 363. 

Pecten priscus SCHLOTHEIM; TATE and BLAKE, 
p- 364. 

Psendopecten aeqnivalvıs (J. SOWERBY); BAYLE, 
pl. 121, fig. 1. 

Pecten Caracolensis sp. nov; STEINMANN, p. 254, 
pl. 14, fig. 10. 

Pecten acutıcostatus LAMARCK; UHLIG, p. 179. 
Pecten cf. aequivalvis J. SOWERBY; UHLIG, p. 179. 
Pecten major YOUNG and BirD; SIMPSON, p. 165. 
Pecten sublaevis YOUNG and BIRD; SIMPSON, 
p- 165. 

Pecten interstinctus sp. nov; SIMPSON, p. 169. 
Pecten rudis sp. nov; SIMPSON, p. 169. 

Pecten dichotomus sp. nov; SIMPSON, p. 169. 
Pecten aequivalvis J. SOWERBY; WINKLER, p. 30. 
Pecten priscus SCHLOTHEIM; MOBERG, p. 34, 
pl. 1, fig. 26. 

Pecten Norigliensis sp. nov; TAUSCH, p. 13, pl. 7, 
fig. 8. 

Pecten Bodenbenderi sp. nov; BEHRENDSEN, 
p. 391, pl. 22, fig. 3. 

Pecten Johnstrupi sp. nov; LUNDGREN, p. 199, 
pl. 3, figs. 13a, 13b. 

Pecten priscus SCHLOTHEIM; POMPECK], pp. 773, 
776. 

Pecten aequivalvis J. SOWERBY; POMPECK], 
pP- 776, 779. 

Pecten acutıcosta LAMARCK; POMPECK], p. 776. 
Pecten aequalis QUENSTEDT; BISTRAM, p. 37, 
pl. 3, figs. 4, 5. 

Pecten (Chlamys) priscus SCHLOTHEIM; TRAUTH, 
P922 

Chlamys aequivalvis (J. SOWERBY); LISSAJOUS, 
p- 352, pl. 10, fig. 2. 

Pecten priscus SCHLOTHEIM; JAWORSKI, p. 417. 
Chlamys (Aequipecten) prisca (SCHLOTHEIM); 
COSSMANN, p. 47, pl. 5, fig. 16. 

Pecten zigoplocus Dı BLası; FucinI, p. 89, pl. 5, 
figs. 13, 14. 

Chlamys mceconnelli sp. nov; MCLEARN, p. 46, 
plessties19: 

Pecten acutiradiatus MÜNSTER; DUBAR, p. 259. 
Pecten acutıcosta LAMARCK; DUBAR, pp. 275, 282. 
Pseudopecten aequivalvıs (J. SOWERBY); DUBAR, 
p. 277. 

Aequipecten priscus (SCHLOTHEIM); STAESCHE, 
p- 48. 

Aequipecten acuticosta (LAMARCK); STAESCHE, 
p- 50, pl. 6, figs. 1,2. 


1926  Aeguipecten aequivalvis (J. SOWERBY); STAESCHE, 
p- 51. 

1926  Chlamys aequivalvis (J. SOWERBY); ROMAN, 
p- 113. 

1929 Pecten (Psendopecten) acuticosta LAMARCK; LAN- 
QUINE, p. 130. 

1929 Pecten (Psendopecten) priscus SCHLOTHEIM; LAN- 
QUINE, p. 131. 

1932 Pecten (Aeqnipecten) aequivalvis ]. SOWERBY; 
TZANKOV and BONCEV, p. 231. 

1935 _ Chlamys sendelbachensıs sp. nov; KUHN, p. 470, 
pl. 18, fig. 32. 

1936 Aequipecten priscus (SCHLOTHEIM); KUHN, p. 248, 
pl. 9, fig. 6. 

1936  Aeguipecten acuticosta (LAMARCK); KUHN, p. 248, 
pl. 12, fig. 46. 

1936 Aequipecten aequivalvis (J. SOWERBY); KUHN, 
p- 248, pl. 10, fig. 19, pl. 13, fig. 24. 

1936 Aequipecten maximiliani sp. nov; KÜHN, p. 249, 
pl. 11, figs. 3a, 3b. 

1936 Psendopecten acnticosta (LAMARCK); DECHAS- 
EAUX, p. 59. 

1936  Psendopecten aequivalvis (J. SOWERBY); DECHAS- 
EAUX, p. 59. 

1936  Aequipecten priscus (SCHLOTHEIM); DECHAS- 
EAUX, p. 42. 

1936 Aequipecten acutiradiatus (MÜNSTER); DECHAS- 
EAUX, p. 42. 

1942 Aequipecten bierringi sp. nov; ROSENKRANTZ, 

p- 26. 

Pecten (Aequipecten) norigliensis TAUSCH; DU- 

BAR, p. 163, pl. 13, fig. 12. 

1951 Pecten aequivalvis J. SOWERBY; TROEDSSON, 
p3219: 

1965 _ Pecten priscus SCHLOTHEIM; DAHM, pp. 27-29. 

1965  Pecten cf. acutiradiatus MÜNSTER; DAHM, p. 27. 

1965 Pseudopecten aequivalvis (J. SOWERBY); DAHM, 
p- 28. 

1965 Chlamys acnticostata (LAMARCK); MENSINK, 
Pr 77 

1965 Pecten aequivalvis J. SOWERBY; MENSINK, p. 78. 

1966  Aequipecten priscus (SCHLOTHEIM); BEHMEL and 
GEYER, p. 28. 

1966a  Psendopecten prisca (SCHLOTHEIM); C. PALMER, 
p- 67. 

1966b  Pseudopecten equivalvis (J. SOWERBY); C. PALM- 
ER, p. 72. 

1966b Psendopecten prisca (SCHLOTHEIM); C. PALMER, 
P#Z2. 

1967 Psendopecten priscus (SCHLOTHEIM); BERRIDGE 
and IvIMEY-COOK, p. 160. 

1972 Pseudopecten aequivalvıs (J. SOWERBY); HALLAM, 
p. 408. 
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Lectotype of Pecten equivalvis ]. SOWERBY 
1816, p. 83, pl. 136, fig. 1 designated herein; 
BM 179783; Pl. 2, Fig. 1 herein; H: 79, 
L: 85, IL: 48, UA: 128; M. Lias (U. Pliens- 
bachian), Ilminster, Somerset. 


1. ORIGINAL DIAGNOSIS AND DESCRIPTION 


‘Lenticular with rounded diverging ribs and many acute 
concentric striae; valves equally convex the lower one 
smoothest; ears equal. 


The ribs vary in proportion; they sometimes equal the 
space between them, but are generally less; they are rounded 


and the striae are more or less obliterated over them: the 
spaces between them are slightly concave. 


Pectens are generically described by Lamarck as ine- 
quivalve, wherefore, I suppose, he had not seen any other- 
wise; but the present species has both valves nearly if not 
quite, equally gibbous; one valve being simply convex, the 
other having a trifling reversed undulation near the edge, and 
differing but little in the pattern. The auricles have not, as I 
have seen, been found perfect, they are, however, nearly so, 
and they then show an horizontal line on each side of the 
beak, with nearly perpendicular lineae or striae. Ihave one by 
favour of Dr. Surron, which has nearly parallel lines with the 
hinge on the dexter auricle of the broader valve, with the 
broad costae. This species is commonly found from three to 
seven inches in diameter. Mr. STRANGEWAYES, from whom I 
have received several specimens, observes that they are 
characteristic of the coarse limestone of Ilminster. Ihave had 
other specimens from near Lackington, by favour of Mr. 
STRANGEWAYES, also from Farley gateway, Gloucestershire; 
Carrington, Oxfordshire; and from Dursley, Gloucester- 
shire. I believe the species is found in various other parts of 
England, and I have a specimen from France.’ 


2. AMENDED DIAGNOSIS 


Distinguished from Ps. (Ps.) dentatus and Ps. (Ps.) veyra- 
sensis by the low disc flanks and curvilinear comarginal striae. 


3. AMENDED DESCRIPTION 


Disc sub-ovate, higher than long in juvenile, growing al- 
lometrically to become longer than high (text fig. 44) towards 
maximum height of 179 mm (BM 2662). Umbonal angle in- 
creasing at a decreasing rate (text fig. 45) to produce concave 
dorsal margins. Disc flanks low. 


Equilateral, moderately convex, left valve slightly more 
convex than right. 


Intersinal distance greater in left valve than right but in- 
creasing at a slightly increasing rate in both valves (text 
figs. 46, 47). Large byssal notch in right valve becoming rela- 
tively smaller during ontogeny (text fig. 48). 


Auricles well demarcated from disc, moderate in size, an- 
terior slightly larger than posterior. Both anterior and post- 
erior hinge lengths increasing at an increasing rate (text figs. 
50, 51). Anterior auricle height increasing at a decreasing rate 
(text fig. 49). All auricles meeting hinge line at approximately 
90°. Anterior auricle of right valve meeting disc at approxi- 
mately 90°, other auricles meeting disc at an acute angle. All 
auricles ornamented with comarginal striae, anterior auricles 
also bearing 2-3 fine radıal costae. 


Both valves ornamented with between 16 and 27, most 
commonly 22, radial plicae (text fig. 52). Plicae angular and 
often wider than sulcı in juveniles but becoming more 
rounded and narrower than sulci later in ontogeny (Pl. 1, 
Fig. 8). Plicae poorly defined at anterior dorsal and posterior 
dorsal margins of juveniles. Both plicae and sulci bearing fine 
radial striae and crossed by closely spaced curvilinear comar- 
ginal striae. 


Shell thickness generally moderate but high beneath plicae. 
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Text fig. 45: Pseudopecten (Ps.) eguivalvis — height/umbonal angle. 
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4. DISCUSSION 


‘Pecten’ acuticosta LAamArck only differs from ‘P.’ equı- 
valvıs SOwERBY (lectotype [herein designated]; BM L79783; 
Pl. 2, Fig. 1; 1) by the angularıty of the plicae. There 
can be little doubt that this is the result of alower degree of ab- 
rasıon (see Section 8) and it cannot therefore be the basıs for a 
specific distinction. Most large specimens with angular plicae 
which are referred to ‘P.’ acuticosta are derived from low 
energy condensed deposits and also have relatively low um- 
bonal angles for their heights. However, this appears to be an 
ecophenotypic feature brought about by relatively fast 
growth in such facies (see Section 8). 

‘Pectinites’ priscus SCHLOTHEIM was erected for a single 
specimen from the Sinemurian exhibiting few diagnostic fea- 
tures. Subsequent authors have frequently applied the specific 
name to small specimens of Ps. (Psendopecten) and have 
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maintained a specific distinction from larger specimens (= 
‘P.” aequivalvis auctt.) on the basıs of alower umbonal angle 
and reduced number of plicae, which tend also to be acute. 
Notwithstanding the fact that the holotype (M) of ‘Pt.’ pris- 
cus (HM) is reported to be an abnormally large specimen (H: 
80, Dr. J. Heıvms, pers. comm., 1977) for its stratigraphic 
horizon, three further criteria indicate that ‘P.’ priscus auctt. 
should be included within Ps. (Ps.) equivalvis. 


a. Umbonal angle and the number of fully developed plicae 
both increase during ontogeny (see Section 3) thus small im- 
mature specimens of Ps. (Ps.) equivalvis have low umbonal 
angles and appear to have few plicae. 


b. Mature specimens from argıllaceous facies may exhibit 
the above characteristics because they are small as a result of 
stunting (see Section 8). 


120 160 200 


120 160 200 


Text fig. 47: Pseudopecten (Ps.) equivalvis — intersinal distance on right valve/length. 


c. Mature specimens from low horizons in the stratigraphic 
range of Ps. (Ps.) equivalvıs may exhibit the above charac- 
teristics because they are small as a consequence of represent- 
ing an early stage in phyletic evolution towards increased 
maximum size (see Section 10). 


It is very doubtful whether any of the records of ‘P.’ prıs- 
cus cited in synonymy represent anything other than one of 
the above categories of small Ps. (Ps.) equivalvıs. 


‘P.’ sublaevis YounG and Bırp was separated from ‘P.’ 
equivalvıs on the basıs of its low plicae, lacking in comarginal 
striae. As discussed above, this is almost certainly due to abra- 
sion. ‘P.’ major Young and BırD appears to represent, by 
contrast, an unusually well preserved specimen of Ps. (Ps.) 
equivalvis which still exhibits radial striae on the plicae. 


Sımrson’s (1884) species “P.’ interstinctus, ‘P.’ rudıs and 
‘P.’ dichtomus were all compared with ‘P.’ priscus and al- 
though figures were not provided it seems highly likely that 
the species represent small specimens of Ps. (Ps.) equivalvis. 


The single observed type of ‘P.’ aequalis QUENSTEDT 
(GPIT 4-9-13; Pl. 2. Fig. 5) has 22 plicae and is inseparable 
from Ps. (Ps.) eguivalvis by metric criteria (2). Likewise, one 
of the syntypes of ‘P.’ cephus D’Orsıcny (MNO 1842C) has 
17 plicae and is inseparable by metric criteria (3) while another 
(Pl. 2, Fig. 10) has 21 plicae and exhibits no distinguishing 
features. 


Küunn’s (1935) holotype (M) for ‘Chlamys’ sendelbachensis 
(BSPHG 1934 IV 8; Pl. 2, Fig. 4) has 20 plicae and metric 
proportions (4) within the range of Ps. (Ps.) equivalvıs. His 
type material for ‘Aeguipecten’ maxımilianı appears to be lost 
but the diagnostic criteria, three more plicae than is usual in 
Ps. (Ps.) equivalvis (22) and reduced plical height, can both be 
accommodated within the known range of ‘genetic’ and “en- 
vironmental’ variation in the latter species. 


The figure of ‘P.’ costatulus Hartmann exhibits 17-18 
plicae and H/UA (5) which is indistinguishable from Ps. (Ps.) 
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equivalvıs. Similarly ‘Ch.’ meconnelli McL£aArn has 22 plicae 
and the description gives no grounds for considering the 
species as anything other than synonymous with Ps. (Ps.) 
equivalvıs. 


Münster’s (1833) figure of “P.’ acntiradiatus shows a 
specimen with an exceptionally large umbonal angle (125 at 
H: 13.5) and small auricles. However, examination of the fig- 
ured specimen (BSPHG AS VII 611; Pl. 2, Fig. 9) shows 
this to be due to a draughting error. The auricles are in fact 
broken and the H/UA ratio (6) is well within the range of Ps. 
(Ps.) equivalvıs. 


‘P.’ Hinterhuberi TırtzE was erected for a very large 
specimen (H: 152) said to differ from ‘P.’ equivalvis by its 
smaller umbonal angle. However, the figure depicts a broken 
specimen which could not have provided an accurate value for 
UA. In all other respects it is identical to Ps. (Ps.) eguivalvıs. 
The specimen was derived from a loose boulder thus the re- 
ported age (Hettangian, Angulata zone) may well be inaccu- 
rate. The apparently abnormal size for the stratigraphic 
horizon (see Section 10) may therefore be spurious. 


‘P.’ Caracolensis STEINMANN was erected for a specimen 
possessing 24 smooth low plicae and characterised by one 
large median plica. This last feature is fairly common in Ps. 
(Ps.) equivalvis and is probably caused by the interruption of 
normal growth by damage. The species are inseparable by 
metric criteria (7). 


The figure of ‘P.’ Iugdunensis MicHELin reveals aspecimen 
with 25 plicae and metric proportions (8) which are insepara- 
ble from Ps. (Ps.) equivalvıs. The four auricular costae may 
however be distinctive and subsequent authors who may have 
examined the type material (e. g. STAESCHE, 1926) have 
synonymised MicHELIN’s species with Ch. (Ch.) valoniensis 
(q. v.). The preservation of ‘P.’ Iugdunensis as an internal 
mould may preclude recognition of the intercalary costae 
characteristic of Ch. (Ch.) valoniensıis. 
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Text fig. 48: Pseudopecten (Ps.) equivalvis — depth of byssal notch/length. 
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Text fig. 49: Psendopecten (Ps.) equivalvis -- height of anterior auricle/length. 


The figure of ‘P.’ Norigliensis Tausch depicts a specimen 
with 19 plicae and H/UA, Ip/L and AH/L (9) just within the 
range of Ps. (Ps.) equivalvis. PH/L and, in particular, N/L 
are distinctly high. However, this could simply be due to in- 
accurate illustration and the single specimen recorded pro- 
vides few grounds for a specific separation. DusAar (1948), 
who may have examined the holotype (M), has applied 
Tausch’s specific name to forms which are clearly conspecific 
with Ps. (Ps.) dentatus (q. v.). 


The description and figures of ‘P.’ Bodenbenderi 
BEHRENDSEN from Argentina are clearly indicative of the 
genus Weyla. However specimens in the GPIG, including 
what is apparently a type, clearly belong to the genus 
Psendopecten. Notwithstanding this nomenclatural confu- 
sion it seems unwise at present to include the rather poorly 
preserved Göttingen specimens within Ps. (Ps.) equivalvis 
since they appear to differ from the latter by their greater con- 
vexity and smaller umbonal angle. 
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Text fig. 50: Pseudopecten (Ps.) equivalvis — anterior hinge length/length. 


The figure of the left valve of ‘P.’ Johnstrupi LUNDGREN 
closely resembles Ps. (Ps.) equivalvis in the number of plicae 
(20-25) and in H/UA, AH/L and PH/L (10). However, I /L 
and the umbonal angle of the right valve (70-80°) are low and 
may justify a separation, although the drawing could be inac- 
curate. The same may be true of ‘P.’ Zigoplocus vı Bıası; Fu- 
cını whose figure depicts a specimen with 22 plicae and H/UA 
(11) within the range of Ps. (Ps.) equivalvıs but with an ab- 
normally large /L. Dı Bıası’s original description has proved 
impossible to trace. 


“Aequipecten’ bierringi from the L. Pliensbachian of 
Greenland was not figured or described by ROSENKRANTZ 
(1942). However it was said to closely resemble ‘A.’ ae- 
quivalvıs and it seems extremely likely that it ıs synonymous 
with J. SOwErBY’s species. 

‘P.’ acuticosta ROFMER is clearly a junior primary 
homonym of Lamarck’s species and as such should be re- 
jected. The description leaves little doubt that RorMmER’s 
hypodigm fell within the range of variation in Ps. (Ps.) 
equivalvıs. 
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Text fig. 51: Pseudopecten (Ps.) equivalvis — posterior hinge length/length. 


‘P.” priscus SCHLOTHEIM; DUMORTIER has the down-sulcal 
tongueing of the growth lines typical of Ps. (Ps.) dentatus 
rather than Ps. (Ps.) equivalvıs. “P.’ acntiradiatus MÜNSTER; 
DumMmorTisk is referable to the former species on the basis of the 
vertically striated disc flanks. 


The great majority of authors have followed J. pe C. Sow- 
ERBY’S alteration of the spelling of eguivalvis to aequivalvis 
in vol. 6 ofthe ‘Mineral Conchology’ (1829). This is incorrect 
since J. SOwErBy’s original spelling in no way contravenes the 
ICZN rules and therefore must take historical precedence. 
However. Ps. (Ps.) equivalvis remains something of a mis- 
nomer because the shell is noticeably inequivalve. 
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5. STRATIGRAPHIC RANGE 


Ps. (Ps.) equivalvıs ıs first recorded in the Planorbis zone 
(Hettangian) of Lyme Regis (BM L62437), Dijon (DM 134), 
Lugano (Bıstram, 1903) and Yorkshire (Tare and BLake, 
1876). Subsequently it is recorded from the Angulata zone of 
E. France (TErQuEM and Pırrte, 1865) and the Bavarıan Alps 
(WINKLER, 1886) and the Bucklandi zone (L. Sinemurian) of 
Lyme Regis (BM 177272), the Rhone (Dumorrier, 1867) and 
$. Bavarıa (SCHAFHAUTL, 1851). Ps. (Ps.) eguivalvis fırst oc- 
curs commonly in the middle Sinemurian Frodingham Iron- 
stone (Semicostatum-Obtusum zones) and from then on it is 
widespread and often abundant until the U. Pliensbachian. 
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Text fig. 52: Psendopecten (Ps.) equivalvis — frequency distribution for number of plicae. 
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Extension of the range into the Tenuicostatum zone of the 
L. Toarcian is evidenced by material from the Cotswolds 
(OUM J33417-8) and Luxembourg (BSPHG). Most other 
Toarcian records (e. g. BM LL8142-3 from Lincolnshire, 
MNO 2073, 2073A-D; MNR B8689; MNP S00963 from 
N. France) are probably from this zone. However, HALLAM 
(1972) considered that the range extended into the middle 
Toarcian in Iberia and this horizon may be the source of some 
of the numerous Toarcian records from the area (e. g. BM 
LL30836; Danm, 1965; Dusar, 1925; VERNEUIL and Cor- 
LomB, 1852). The species is recorded with Hildoceras bifrons 
in the W. Balkans (Pomreckj, 1897) and Young and BırD 
(1828) report material from hard bands in the Alum Shale 
(Bifrons zone) of Yorkshire. In the latter area intensive field 
work by the author has failed to substantiate Young and 
Bırp’s claim. However, collecting from the Oolithe Fer- 
rugineuse at Port-en-Bessin (Normandy) has brought to 
light a specimen (Pl. 2, Fig. 3) which may be a Bajocian rep- 
resentative of Ps. (Ps.) equivalvis. In the lack of further mat- 
erial and with the poor preservation of the available specimen 


the possibility still remains that it should more properly be re- 
ferred to Ctenostreon. 


Collecting at Snowshill Quarry, Gloucestershire has failed 
to substantiate Ark et al.’s (1973) record of Psendopecten 
from the M. Bathonian of this locality. Radulopecten vagans 
and Camptonectes (C.) laminatus are the only pectinids pre- 
sent. 


6. GEOGRAPHIC RANGE 


Ps. (Ps.) equivalvıs is found in all parts of Europe and there 
seem to be no obvious changes in distribution throughout its 
stratigraphic range (text fig. 53). There is thus no support for 
STAESCHE’sS (1926) view that small specimens (= “Aequipecten’ 
priscus) originated in the Hettangian of the Rhone and subse- 
quently spread to other parts of Europe in the Sinemurian. 

Contrary to STAESCHE’s opinion, Ps. (Ps.) equivalvis is not 
known throughout the world at any time. Records outside 
Europe are restricted to the Americas (text fig. 54) and the 
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Text fig. 54: Pseudopecten (Ps.) equivalvis - World distribution (Pliensbachian reconstruction). 


species is only known to be common in E. Greenland 
(ROSENKRANTZ, 1934, 1942). Itis probably rare inS. America, 
Jaworskı (1916) having recorded only two specimens and 
STEINMANN (1881) amere one, from Bolivia. It is by no means 
certain that the large number of fragments of Ps. (Pseudopec- 
ten) from S. America in the GPIG necessarily belong to Ps. 
(Ps.) equivalvis (see Section 4). 
With regard to its range outside Europe, HALLAM (1977) has sug- 
gested that the rarity of Psendopecten at least inthe W. Americas, 
may be due to competition with the ecologically similar aberrant 
pectinid Weyla. However, the absence of both Weyla and 


Pseudopecten from Asia, Australia and Antarctica remains to be 
explained. 


The observed distribution of Ps. (Ps.) equivalvis is most 
obviously explained by migration via the Canadian Arctic. 
However, there is now some evidence (see p. 25) to suggest 
that in the Pliensbachian a seaway existed between $. Ameri- 
ca, S. Africa and Antarctica (or perhaps between N. and 
S. America) and this could have afforded an alternative 
routeway. 


7. DESCRIPTION OF ECOLOGY 


Ps. (Ps.) equivalvıs first occurs commonly in the Froding- 
ham Ironstone (Semicostatum-Obtusum zones), a strati- 
graphically condensed chamosite oolite in Lincolnshire. En- 
tolium (E.) lunare ıs however a considerably more abundant 
element of the fauna, which also includes Camptonectes (C.) 
subulatus, Chlamys (Ch.) textoria, ‘Lima’, Gryphaea, As- 
tarte and large Cardinia and ammonites. Most specimens of 
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Ps. (Ps.) eguivalvis are disarticulated and have, except in the 
umbonal region, rounded plicae (Pl. 2, Fig. 6). The max- 
imum height attained is 45 mm (ScM). Contemporaneous 
specimens from more expanded, lower energy sequences such 
as the micritic limestones of $S. Germany, reach only 25 mm 
in height while those from marls reach only 10 mm and are 
much less common (STAESCHE, 1926). All specimens from ar- 
gillaceous facies have acute plicae and the limited available 
data suggests that they also have relatively large umbonal an- 
gles for their heights, compared to specimens from ironstones 
ofthe same age (text fig. 56). The associated fauna in the argil- 
laceous facies is relatively deficient in E. (E.) lunare and large 
Cardinia. 


L. Pliensbachian chamositic ıronstone deposits such as the 
‘Pecten’ Bed (Ibex zone) of Lincolnshire, contain abundant 
Ps. (Ps.) equivalvis up to a maxımum height of 90 mm (au- 
thor’s collection). All specimens are disarticulated and rest 
convex up, suggesting strong current activity. This is sup- 
ported by the essentially unimodal size/frequency distribu- 
tion obtained from atwo sq. m. bedding-plane exposure (text 
fig. 55). Except in the region of the umbo, the plicae are 
rounded. Other faunal elements are less prominent than in the 
Frodingham Ironstone. 


A high proportion of articulated specimens is indicative of 
lower energy conditions in the ‘Pecten’ Bed (Ibex zone) of 
Blockley, Gloucestershire. The abundance of fish vertebrae 
and the siderite cement (Hewırr and Hurst, 1977) suggests a 
period of non-deposition. Ps. (Ps.) eguivalvıs attaıns a height 
(H: 78; OUM ]J17929) comparable to that in specimens de- 
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Text fig. 55: Pseudopecten (Ps.) equivalvıs - frequency distribution for shell height in specimens collected 
from a 2 sq. m. bedding-plane exposure in the ‘Pecten’ Bed (Ibex zone) of Lincolnshire. 
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Text fig. 56: Psendopecten (Ps.) equivalvis -height/umbonal angle for specimens from condensed and ex- 


panded sequences in the Sinemurian. 
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rived from contemporaneous high energy condensed deposits 
(see above) but the plicae remain, in contrast, angular at all 
ontogenetic stages (Pl. 2, Fig. 7). The associated fauna is defi- 
cientinE. (E.) lunare and ıs dominated by large specimens of 
Astarte and Mactromya. A variety of less common in- and 
epifaunal bivalves, gastropods and cephalopds attaın a large 
size at this horizon (Hewırr and Hurst, 1977). 


In contemporaneous low energy expanded sequences such 
as the Numismalis Mergel (Jamesoni/lbex zones) of $. Ger- 
many, Ps. (Ps.) equivalvis is common but reaches amaximum 
height of only 37.5 mm (GPIT). In L. Pliensbachian clays in 
the English Midlands the maximum height is 27.5 mm (OUM 
J33290). All specimens have acute plicae. Larger specimens 
are occasıonally recorded from predominantly clay sequences 


but these invariably turn out to be from storm lags at the top 
of small coarsening upward cycles (SeLLwoop, 1972). Thus 
specimens with rounded plicae reaching a maximum height of 
60 mm (author’s collection) occur in deposits of the Jamesoni 
zone at Robin Hood’s Bay (Yorkshire) ın association with 
Camptonectes (C.) subulatus, Plicatula, Gryphaea, Gervil- 
lella and exhumed Pinna. 


In addition to their reduced maximum size, L. Pliens- 
bachian specimens of Ps. (Ps.) equivalvis from uncondensed 
argillaceous facies also tend to have relatively large umbonal 
angles for their heights (text fig. 57). The few specimens that 
plot within the range of forms from condensed facies are al- 
most certainly derived from thin, coarse grained horizons 
within predominantly clay sequences (see above). 
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Text fig. 57: 
panded sequences in the L. Pliensbachian. 


Ps. (Ps.) equivalvıs ıs also common in theL. Pliensbachian 
of E. Greenland, where it occurs in coarse sands and limes- 
tones (ROSENKRANTZ, 1934, 1942), Raasay, where it ıs abun- 
dant in muddy sands (author’s collection), and E. Spain, 
where it is found in bioclastic limestones (BEHMEL and GEYER, 
1966). It is however conspicuous by its absence from the 
Jamesoni zone of the Pyrenees where condensed deposits 
contain common Ps. (Ps.) dentatus and the first European 
representatives of Weyla (DAamBorENFA and MANCENIDO, 
1979). 


In the Sandy Series (Margaritatus zone) of the U. Pliens- 
bachıan in Yorkshire, Ps. (Ps.) equivalvis is common and 
reaches a maximum height of about 60 mm, while in the simi- 
larly expanded sequence of Raasay a maximum height of 
70 mm is attained (author’s collection). All specimens have 
rounded plicae. The associated fauna is dominated by Ox- 
ytoma, Protocardia, Gryphaea and the scaphopod Den- 
talıum. E. (E.) lunare ıs rare but in a similar sedimentary and 
faunal association in the later parts of the Margaritatus zone in 
Dorset (Thorncombe Sands) it is common and Ps. (Ps.) 
equivalvis is rare. C. Paım£r (1966b) remarked on the small 
size of specimens from a sandy limestone bed (Day’s Shell 
Bed) at the top of the clay sequence (Eype Clay) representing 
the earlier parts of the Margaritatus zone in Dorset. They 
were said to reach only 25-30% of their ‘normal’ height. 
However, PaLMER may have been drawing acomparison with 
specimens from Spinatum zone ironstones (see below) rather 
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Pseudopecten (Ps.) equivalvıs — height/umbonal angle for specimens from condensed and ex- 


than with those from Margaritatus zone clays whose max- 
imum height (30 mm; author’s collection) is very probably 
less than that of PaLmer’s specimens. Ps. (Ps.) egnivalvıs is 
not known to be common in argıllaceous facies anywhere in 
the U. Pliensbachian. 


Ps. (Ps.) equivalvıs is very common in the condensed, high 
energy, chamositic ironstones of the Spinatum zone in Lor- 
raine, N. W. Germany and most parts of England. All speci- 
mens have rounded plicae (Pl. 2, Fig. 1) and the maximum 
height reached is 179 mm (BM 2662). The associated fauna is 
essentially the same as for the Margaritatus zone although in 
Northamptonshire, Oxfordshire and Somerset, where Ps. 
(Ps.) equivalvis is somewhat less common, Ps. (Ps.) dentatus 
and Ps. (Ps.) veyrasensis also occur. In $. Germany, the 
Spinatum zone is developed in a condensed but lower energy 
marlstone facies in which Ps. (Ps.) equivalvıs usually exhibits 
acute plicae (STAESCHE, 1926) and attains amaxıimum height of 
95 mm (GPIT). There are too few specimens available from 
uncondensed argillaceous facies to allow of any comparison ın 
shape with forms from condensed or higher energy facies. 


Ps. (Ps.) equivalvis is nowhere common after the U. Pliens- 
bachian and over most of Europe its disappearance is 
correlated with the onset of bituminous shale deposition in 
the L. Toarcian. In parts of the W. Balkans and Iberian 
peninsula where the Toarcian is developed in high energy 
facies the species extends into the Bifrons zone (see Sec- 


tion 5). However, in sımilar facies in the Toarcian of 
E. Greenland (RosENKRANTZ, 1934, 1942) and the Caucasus 
(Pompeck], 1897) the species seems to be absent. The largest 
Toarcıan specimens are apparently to be found in the D’Or- 
BIGNY Collection (Hmax: 92; MNO 2073B). However, D’OR- 
BIGNY’s concept of the Toarcian may also have included parts 
of the U. Pliensbachian, so such records should be treated 
with caution. 


Although quite widespread in the peri-Mediterranean re- 
gion, Ps. (Ps.) equivalvis appears to reach large sizes only in 
high energy depositssuch asthe U. Pliensbachian calcarenites 
of the Iberian ranges (Mensınk, 1965), the sandy marls of the 
W. Balkans (Powreckj, 1897), the sandstones of Yugoslavia 
(UHuic, 1884) and W. Bulgaria (TZANKOV and Boncev, 
1932) and the Toarcıan marly oolites of the W. Balkans (Pom- 
PECKJ, 1897). 


8. INTERPRETATION OF ECOLOGY 


It is clear from Section 7 that Ps. (Ps.) equivalvis was a 
eurytopic species with respect to substrate, only clays formed 
under conditions of reduced oxygen tension constituting an 
unfavourable environment. It is also clear however, that there 
are correlations between the size and shape of Ps. (Ps.) 
equivalvis and the sediment grain size, rate of sedimentation 
and energy of the environment. Specimens from condensed 
deposits reach a large size, those from high energy environ- 
ments having rounded plicae. Specimens from expanded high 
energy sandstone sequences reach a somewhat smaller max- 
imum size and have rounded plicae. Specimens from ex- 
panded argillaceous sequences are much smaller, have acute 
plicae, and usually have a low H/UA ratio. 


The correlation between high environmental energy and 
roundness of the plicae is most easily explained as the result of 
pre- and post-mortem abrasion of the originally angular 
plicae by wave and current-induced rolling of the shell. 


The correlation between stratigraphic condensation and 
large size could be the consequence of one or more of the fol- 
lowing factors: 


a) High environmental energy. Most condensed sequences 
containing large Ps. (Ps.) equivalvıs are developed as high 
energy chamosite oolites. In such environments the increased 
rate of supply of suspended food and dissolved oxygen might 
be expected to contribute to faster growth. However, the pres- 
ence of comparably large specimens in a low energy horizon 
at Blockley seems to argue against this hypothesis. 


b) Low turbidity condensed sequences are the result of de- 
creased supply of sediment from suspension thus one can ex- 
pect relatively clear water. This should lead to a reduction in 
the time required for cleaning the gills and defaecating and a 
consequent increase in the time spent feeding. Observations 
by the author on the extant species Chlamys opercularıs re- 
veal that high turbidity forces the animal to close the shell and 
abandon feeding, thus continuous high turbidity could be ex- 
pected to markedly affect the growth rate. Slow sedimenta- 
tion can also be expected to reduce turbidity (and thus en- 
hance growth rate) by promoting the early diagenetic forma- 
tion of a carbonate cement (HarLam, 1972) which would in- 
hibit resuspension of the sediment by lateral water move- 
ment. The fact that Ps. (Ps.) equivalvis attains a considerable 
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size in expanded sandstone sequences does not however lend 
support to the view that the very large sizes attained in con- 
densed sequences are simply the result of low turbidity. 
Neither can the latter easily explain the large sizes attained by 
presumably nektonic ammonites in condensed sequences. 


c) Increased temperature. With the implicit assumption 
(given empirical support by the work of Nıcor, 1967) that 
higher temperatures enable the development of large size, 
Hewırt and Hussr (1977) have ınvoked climatic amelioration 
to account for the abnormally large sizes attained by molluscs 
at certain condensed horizons in the English Jurassic. In the 
case of Ps. (Ps.) equivalvis this fails to account for the small 
size of specimens in stratigraphically equivalent expanded se- 
quences. However, Haızam (1963) has suggested, on the 
basis of sedimentological evidence, that condensed ironstone 
formation may take place on shoals and that such environ- 
ments may be warmer than surrounding deep water areas, 
characterised by clastic sedimentation. While such a model 
has the merit of explaining the large size of both benthos and 
nekton in condensed sequences, it suffers from alack of actual 
evidence for increased temperature in the shoal environment. 
Until some independent evidence for the latter is obtained it 
seems advisable to adopt a composite theory (involving 2 and 
3) to explain the correlation between condensed sequences 
and the development of large size in Ps. (Ps.) equivalvis. Ithas 
been assumed throughout that the latter is the consequence of 
relatively rapid growth. While this seems the most reasonable 
supposition and has a variety of plausible explanations (see 
above) the possibility cannot be entirely discounted that some 
undetected characteristic of the environment of condensed 
sequences (perhaps reduced predation) increased the length of 
life and thus allowed the development of larger sizes. An 
analysis of growth lines can be expected to provide a test for 
the assumption of faster growth. 


The small size and low H/UA ratio of specimens from ex- 
panded argillaceous sequences is most easily interpreted as the 
result of relatively slow growth in conditions essentially op- 
posite to those in the highly favourable condensed sequences. 
The local abundance of such ‘stunted’ specimens need not be 
viewed as evidence against this interpretation (see pp. 55, 
124) and indeed ‘stunting’ may be an inappropriate term to 
use for the development of what are in fact adaptive shell fea- 
tures (see Section 9). 


The lack of Ps. (Ps.) equivalvis in apparently highly suita- 
ble condensed faces containing Weyla in the Jamesoni zone 
of the Pyrenees is further evidence for Harıam’s contention 
(see p. 69) that Pseudopecten and Weyla were competitors. 
However, the occurrence of Ps. (Ps.) dentatus in the same de- 
posits indicates that the competitive reaction did not extend to 
all Pseudopecten species. Indeed the inverse correlation in 
numbers or total mutual exclusion of Ps. (Ps.) equivalvıs 
from Ps. (Ps.) dentatus in other areas (see p. 70) suggests 
that the absence of the former from deposits of the Jamesoni 
zone in the Pyrenees may be due more to competition with 
the latter species than with Weyla. Ps. (Ps.) veyrasensis has a 
similar distribution to Ps. (Ps.) dentatus and thus may also 
have had acompetitive reaction with Ps. (Ps.) equivalvis. The 
frequent inverse correlation in numbers of Ps. (Ps.) equival- 
vis and Entolium (E.) lunare is strong evidence for competi- 
tion. While in ironstones the dominant species appears to 
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switch from the latter to the former after the Sinemurian there 
seems to be no secular change in sandstones, the dominant 
species at any one time or place being, therefore, presumably 
determined by priority. 


9. FUNCTIONAL MORPHOLOGY 


The strongly ornamented lower valve and quite thick shell 
of the large specimens of Ps. (Ps.) equivalvis common in high 
energy environments is paradigmatic for an adult reclining 
mode of life. The large byssal notch indicates that the juvenile 
obtained stability by means of byssal attachment. However, 
the allometric reduction ın size of the notch indicates that bys- 
sal attachment was gradually abandoned during ontogeny. In 
the morphologically and ecologically similar extant species 
Chlamys opercularis byssal attachment effectively ceases at 
shell heights above 50 mm (SOEMODIHARDJO, 1974). 


The relatively high convexity of the left valve is non- 
paradigmatic for reclining but is well suited to providing lift 
during swimming and combined with the ontogenetic in- 
crease in umbonal angle probably served to prolong this 
capacity until quite late stages in ontogeny. 

The small adult size and low H/UA ratio of specimens from 
expanded argillaceous sequences is adaptive for the environ- 
ments represented by such sediments. Small size inhibits sın- 
king into the soft substrate while both small size and a relati- 
vely large umbonal angle maximise the possibility of escape 
from sediment swamping by swimming, through maximising 
the trust/weight ratio of the shell. 


Swimming ability in combination with a strongly plicate 
shell was also probably directed against attempted predation. 
The disadvantage of a plicate shell, in localising wear on the 
plical crests, was apparently offset by sub-plical shell thicken- 


ing. 


10. ORIGINS AND EVOLUTION 


Undoubted specimens of Ps. (Ps.) equivalvis are known 
from the Planorbis zone so the origins of the species probably 
lie outside the Jurassic. However, no obvious ancestors pre- 
sent themselves. 


Phyletic size increase is a very marked trend in Ps. (Ps.) 
equivalvis. However, the prevalence of ecophenotypic size 
variations (see Section 8) makes for great difficulty in the pre- 
cise documentation of the trend. It ıs clear therefore that at- 
tention must be concentrated on the same environment at all 
stratigraphic levels. For this purpose the analysis is restricted 
to condensed sequences since these seem to represent the most 
clearly defined environment. Within the latter there is an ın- 
crease in maximum height from 45 mm (Sinemurian) to 
90 mm (L. Pliensbachian) to 179 mm (U. Pliensbachian). 
There may also be an associated acceleration in the develop- 
ment of H/UA sincelargeL. and U. Pliensbachian specimens 
have H/UA values which plot above a projected ‘average’ 
Sinemurian ontogeny estimated from ‘static’ data (text 
fig. 58). However, the rather broad limits ofthe available data 
do not allow exclusion of the possibility that Sinemurian on- 
togenies in fact exhibit amuch more rapid increase in H with 
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Text fig. 58: Psendopecten (Ps.) equivalvis - height/umbonal angle for specimens from Sinemurian, and 


L. and U. Pliensbachian condensed sequences. 


respect to UA thus the high H/UA values of at least large U. 
Pliensbachian specimens could represent no more than 
hypermorphic extension of Sinemurian allometry through the 
medium of phyletic size increase. Nevertheless, the H/UA 
values of moderate sized L. Pliensbachian specimens do seem 
to represent a genuine departure from Sinemurian ontogenies 
thus acceleration would appear to be evinced in at least the 
early stages of the phylogeny of Ps. (Ps.) equivalvis. If this is 
the case U. Pliensbachian H/UA values would seem to indi- 
cate subsequent retardation in the development of H/UA al- 
beit only to the extent of returning ontogenies to aSinemurian 
condition. 

There is clearly a pressing need either for more ‘static’ data 
or for a ‘dynamic’ analysis of shape development using 
growth lines in order to facilitate a rigorous assessment of the 
role of heterochrony in the phylogeny of Ps. (Ps.) equivalvıs. 


Whether or not acceleration and subsequent retardation of 
shape development has occurred the fact remains that large 
U. Pliensbachian forms of Ps. (Ps.) eguivalvıs have relatively 
high H/UA ratios. As such they are mechanically inferior to 
earlier forms with respect to their design for swimming. This 
is difficult to interpret in conjunction with phyletic size in- 
crease. One might have expected evolution towards amore ef- 
ficient, low H/UA, design in order to counteract the limita- 
tion on mobility and consequent susceptibility to predation 
imposed by increased size. (In living scallops a reduced ratio 
of muscle strength to body weight leads to the progressive loss 
of swimming ability as size increases during ontogeny 
[Gouip, 1971; SOEMODIHARDJO, 1974]; as a result escape from 
predators by flight eventually becomes impossible.) A resolu- 
tion to this paradox may lie in the observation that some large 
sessile bivalves resist predation by the absolute strength of the 
adductor muscle. Thus Paıne (1976) has observed that starfish 
are unable to prise apart the valves of Mytılus which are more 
than 8-10 cm in length. One may therefore perhaps infer that 
Ps. (Ps.) equivalvis gave up a fugitive policy towards the end 
of its stratigraphic range in favour of a policy of passive resis- 
tance. Such a strategy would only be worthwhile if large size 
could be achieved rapidly thus the hypothesis could be tested 
by an analysis of growth lines to see if faster growth was, in 
fact, characteristic of later populations. ‘Static’ data (see 
above) certainly allows that this may have been the case. 


Phyletic increase in size, together with an apparent retarda- 
tion in shape development and a reduction in tolerance of ar- 
gillaceous substrates in the U. Pliensbachian (see Section 7) 
points to the prevalence of ‘K’ selection towards increased 
trophic efficiency. The high abundance of Ps. (Ps.) equivalvis 
in certain U. Pliensbachian chamosite oolites need not be 
viewed as evidence against this interpretation since itmay well 
be the result of stratigraphic condensation. 


The widespread development of unfavourable bituminous 
shale facies in the L. Toarcian undoubtedly caused a severe 
depletion of the numbers of Ps. (Ps.) equivalvıs. The subse- 
quent extinction of the species may have been the simple re- 
sult of depletion to such an extent that re-establishment of 
self-supporting populations was impossible. However, it 
may also have been due to competition with one or more of 
the newly evolved, ecologically similar species, Ps. 
(Echinopecten) barbatus, Propeamussinm (P.) laeviradiatum 
and Entolium (E.) corneolum. 


Pseudopecten (Psendopecten) dentatus 


(J. DE C. Sowergy 1827a) 


Pl. 2, Figs. 11-14; text figs. 59-61, 62 (pars) 
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Pecten dentatus sp. nov;]. DE C. SOWERBY, p. 143, 
pl. 574, fig. 1. 

Pecten priscus SCHLOTHEIM; GOLDFUSS, p. 43, 
pl. 89, fig. 5 (non SCHLOTHEIM sp.). 

Pecten dentatus J. DE C. SOWERBY; GOLDFUSS, 
p- 46, pl. 90, fig. 7. 

Pecten dentatus J. DE C. SOWERBY; D’ORBIGNY, 
v. 1, p. 285. 

Pecten dentatus J. DE C. SOWERBY; QUENSTEDT, 
P=7535,p1.92, tie. 3. 

Pecten Tbiollieri sp. nov; MARTIN, p. 89, pl. 6, 
figs. 21-23. 

Pecten Thiollierı MARTIN; DUMORTIER, p. 62, 
pl. 10, figs. 4-7. 

Pecten Euthymei sp. nov; DUMORTIER, p. 64, 
pl. 10, figs. 8-10. 

Pecten priscus SCHLOTHEIM; DUMORTIER, p. 216, 
pl. 48, fig. 4 (non SCHLOTHEIM sp.). 

Pecten dentatus J. DE C. SOWERBY; WAAGEN 
p- 632. 

Pecten Dieulafaiti sp. nov; JAUBERT, p. 234. 
Pecten acutiradiatus MUNSTER; DUMORTIER, 
p- 135, pl. 21, fig. 8 (non MUNSTER sp.). 

Pecten Bersaskensis sp. nov; TIETZE, p. 106, pl. 6, 
fig. 3. 

Pecten Tbhiollierei MARTIN; TATE and BLAKE, 
p- 363. 

Pecten Thiollieri MARTIN; SIMPSON, p. 170. 
Pecten Thiollieri MARTIN; WINKLER, p. 30. 
Pecten (Chlamys) Thiollierei MARTIN; BISTRAM, 
p. 33, pl. 2, figs. 13-15. 

Chlamys aequiplicata (TERQUEM); COSSMANN, 
p- 503, pl. 16, fig. 15 (non TERQUEM sp.). 

Pecten (Chlamys) cf. amphiarotus Di STEFANO; 
TRAUTH, p. 90, pl. 2, fig. 17. 

Pecten dobbertinensis sp. nov; OERTEL, p. 564. 
Pecten priscus var. Dieulafaiti JAUBERT; DUBAR, 
p- 266, pl. 5, figs. 1-6. 

Chlamys Thiollieri (MARTIN); ROMAN, p. 105. 
Pecten (Psendopecten) Dieulafaıtı JAUBERT; LAN- 
QUINE, p. 131, pl. 3, fig. 2. 

Aequipecten thiollerei (MARTIN); DECHASEAUX, 
p- 40. 

Aequipecten Euthymei (DUMORTIER); DECHAS- 
EAUX, p. #1. 

Aequipecten priscus var. Dieulafaiti (JAUBERT); 
DECHASEAUX, p. 42. 

Pecten (Chlamys) aff. bersaskensis TIETZE; DU- 
BAR, p. 162, pl. 14, figs. 4a, 4b. 

Pecten (Aequipecten) norigliensis TAUSCH; DU- 
BAR, p. 163, pl. 13, fig. 12 (non TAUSCH sp.). 
Pecten (Aequipecten) semiarticulatus G. MENE- 
GHINI; DUBAR, p. 216, pl. 28, figs. 22-25, text 
fig. 53 (non G. MENEGHINI sp.). 

Chlamys Thiollere (MARTIN); ROMAN, p. 25. 
Aequipecten dieulafaiti (JAUBERT); BEHMEL and 
GEYER, p. 28. 

Chlamys (Aequipecten) Thiollerei (MARTIN); LEN- 
TINI, p. 28, pl. 15, fig. 6. 


Lectotype of Pecten dentatus J. DE C. SOWER- 
By 1827a, p. 143, pl. 574, fig. 1 designated 
herein; BM 20719; Pl. 2, Figs. 11, 12 herein; 
1:55, I: 58, UA: 2109, DIE: 20; pravels 
derived from M. Lias (U. Pliensbachian), 
Bugbrook, Northamptonshire. 
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1. ORIGINAL DIAGNOSIS AND DESCRIPTION 


‘Nearly orbicular, convex, minutely striated concentrical- 
ly, ribbed; ribs about twenty close, large, angular, obtuse; 
ears defined, small; margin deeply toothed; valves similar. 


The peculiar characters of this Pecten are the sharp projec- 


tion of the edge between each rib and the flat inclined sides of 


each rıb. 


Several specimens of this fossil are in the collection of Miss 
Baker, who found them in transported fragments of lime- 
stone, in what are there called gravel pits, at Bugbrook and 
Staverton, in Northamptonshire. It also oceurs in the valley 
of Catmus in Rutlandshire. The figure is taken from a speci- 
men which has both valves, but wants the ears; they are sup- 
plied from another, in other respects inferior, individual.’ 
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Text fig. 59: Pseudopecten (Ps.) dentatus — European distribution. 


2. AMENDED DIAGNOSIS 


Distinguished from Ps. (Ps.) equivalvis by the higher, ver- 
tically striated, disc flanks (Pl. 2, Fig. 13) and down-sulcal 
tongueing of the comarginal striae (Pl. 2, Figs. 11, 12). Dis- 
tinguished from Ps. (Ps.) veyrasensis by the larger modal 
number of plicae (17/18 cf. 14). 
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Text fig. 60: Pseudopecten (Ps.) dentatus — heighv/length. 


3. AMENDED DESCRIPTION 


Essentially similar to Ps. (Ps.) equivalvis apart from the 
diagnostic features (see Section 3), smaller maxımum height 
70 mm; Dusar, 1925), greater convexity, acute angle be- 
tween the anterior auricles and the hinge line, obtuse angle be- 


tween the posterior auricles and the hinge line, and the orna- 
ment. Both valves ornamented with between 16 and 20 (most 
commonly 17 or 18) radial plicae (text fig. 62), rounded on 
the right valve, angular on the left. Usually one more plica on 
left valve than right; plicae occasionally bearing lamellae near 
the anterior and posterior margıns. 


Metric proportions are plotted in text figs. 60, 61. 
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Text fig. 61: Psendopecten (Ps.) dentatus — heighv/umbonal angle. 


4. DISCUSSION 


The lectotype (herein designated) of ‘Pecten’ dentatus ]. DE 
C. Sowersy (BM 20719; Pl. 2, Figs. 11, 12; 1) is a large, 
somewhat atypical, form with 20 plicae. It has moreover suf- 
fered post-mortem compression such that the characteristic 


features of high disc flanks and convexity are not apparent. 
However, the diagnostic ventral tongueing of the sulcal 
growth lines is visible and leaves no doubt that the specimen 
should be the name bearer for the species described in Section 
3. “P.” priscus SCHLOTHEIM; GOLDFUSS (non SCHLOTHEIM) also 
exhibits this feature while ‘P.’ acutiradiatus MÜNSTER; 
DumorTier (non Münster) has the vertically striated disc 
flanks diagnostic of Ps. (Ps.) dentatus. 


‘P.’ Thiollieri MarTın was said to have 20 plicae but the fig- 
ures show only 17 or 18 as is typical of Ps. (Ps.) dentatus. 
Moreover, the characteristic convexity and disc flank orna- 
ment of the latter species is well displayed. Similarly, 
“P.’ Tbiollieri MarTın; WINKLER was also said to have 20 
plicae but a specimen (BSPHG) collected from the same 
horizon and locality as Wınkuer’s, exhibits only 16 plicae. 
Records of Marrın’s species in DECHASEAUX (1936) and Len- 
rını (1973) refer to specimens with, respectively, vertically 
striated disc flanks and ventrally tongueing sulcal growth 
lines, as in Ps. (Ps.) dentatus. However, specimens referred to 
Marrın’s species by Bıstram (1903) appear to have curvilinear 
growth lines and 21 plicae, as in Ps. (Ps.) equivalvis. In view 
of the evident possibility of confusion with the latter species, 
inadequately described and unillustrated records of Marrın’s 
species in Tate and Brake (1876), Sımpson (1884) and ROMAN 
(1926, 1950) can only be tentatively synonymised with Ps. 
(Ps.) dentatus. However, examples of Marrtın’s species with 
20 plicae and the disc flank ornament and convexity charac- 
teristic of Ps. (Ps.) dentatus are clearly figured and reported to 
becommon by Dumorrier (1864). Itmay therefore be that the 
mean (and perhaps range) in the number of plicae was higher 
early in the stratigraphic range of the species. 
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Text fig. 62: Psendopecten (Ps.) veyrasensis/dentatus — frequency 
distribution for number of plicae. 


‘P.’ Euthymei Dumorrtier has the characteristic disc flank 
and sulcal ornament of Ps. (Ps.) dentatus and the number of 
plicae (16) is within the range of variation in the latter species. 


‘P.’ Dieulafaiti JaUBERT was erected for a specimen origi- 
nally referred to ‘P.’ priscus SCHLOTHEIM by DUMORTIER 
(1867). The number of plicae (17) and the down sulcal tongue- 
ing ofthe growth lines indicate its identity with Ps. (Ps.) den- 
tatus. Subsequent varietal use of the name does not depart 
from JAUBErT’s hypodigm. 

‘P.’ Bersaskensis TiETzE was erected for a single specimen 
which was said to have 16 plicae, thus suggesting that itmay be 
conspecific with Ps. (Ps.) dentatus. However, the width of 
the sulci and shallowness of the byssal notch may justity a 
specific separation. Indeed, only 15 plicae are depicted in the 
figure and this together with the fact that Dusar (1948) has 
applied TiEtze’s specific name to forms with 14 plicae, sug- 
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gests that ‘P.’ Bersaskensis may be a synonym of Ps. (Ps.) 
veyrasensis. 


‘Chlamys’ cf. aequiplicata (TERQUEM); Cossmann (non 
TErQuEMm) has 16 plicae but the small size of the figured speci- 
men does not allow an unequivocal specific determination. 


‘P.’ (‘Ch.’) cf. amphiarotus Di StErano; TRAUTH (non Di 
STEFANO) was applied to 8 specimens possessing between 17 
and 19 plicae, moderate convexity and ventrally tongueing 
sulcal growth lines as in Ps. (Ps.) dentatus. 


‘P.’ dobbertinensis OErTEL was separated from ‘P.’ ae- 
quivalvis J. Sowrrsy by the reduced number of plicae (17) 
and greater convcexity. Although a figure was not provided 
this is strongly suggestive of equivalence with Ps. (Ps.) den- 
tatus. 


The names 'P.' (‘Aequipecten’) norigliensis Tausch (non 
Tausch) and ‘P.’ (‘Ae.’) semiarticulatus G. MEnEGHin! (non 
G. MENnEGHINI) were applied by Dusar (1948) to specimens 
with, respectively, 16 and 17 plicae. In both cases the down- 
sulcal tongueing of the comarginal ornament indicates that 
they should be included within Ps. (Ps.) dentatus. 


QUENSTEDT’s (1858) use of J. de C. Sowergy’s specific name 
is for a specimen (GPIT 2-92-3; Pl. 6, Fig. 12) which is 
clearly a representative of the ‘coarse’ phenotype of Chlamys 
(Ch.) textoria. 


5. STRATIGRAPHIC RANGE 


Ps. (Ps.) dentatus first occurs in the Planorbis zone (Het- 
tangıan) when it is locally common. In like manner it is found 
in all stages until the U. Pliensbachian. Toarcian records are 
limited to two specimens- from Adderbury, Oxon (BM 
130490) which are almost certainly from the lower part of the 
stage. However, Ps. (Ps.) dentatus returns in moderate num- 
bers in the Aalenian/Bajocian. A single specimen from the 
Parkinsoni zone (BM L77551) ıs the last known representa- 
tive of the species. 


6. GEOGRAPHIC RANGE 


Ps. (Ps.) dentatns occurs sporadically over the whole of the 
European region (text fig. 59) but is unknown from the rest of 
the world. Within Europe the patchy distribution of the 
species is probably at least in part due to the localised de- 
velopment of the favoured condensed sedimentary facies (see 
Section 8). However, gradual migration from an initial Het- 
tangıan base in $. Europe may also have controlled distribu- 
tion. In the Sinemurian the species is only common in the 
Rhone (DumorriEr, 1867) yet apparently suitable condensed 
facies are well developed in, for instance, the Frodingham 
Ironstone of Lincolnshire. The only records from N. Europe 
during the Sinemurian are from clays of the Bucklandi zone in 
Yorkshire (Tate and BLake£, 1876; Sımrson, 1884). L. Pliens- 
bachian records are more widespread in continental Europe 
yet Ps. (Ps.) dentatus is again conspicuous by its absence from 
condensed deposits in England (e. g. the ‘Pecten’ Beds of 
Blockley, Glos., and Scunthorpe, Lincs.). With reference to a 
hypothetical migration it should however be noted that the 
foregoing examples are of horizones in which Ps. .(Ps.) 
equivalvis, a possible competitor (see Section 8), is abundant. 
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In the U. Pliensbachian the range of Ps. (Ps.) dentatus ex- 
tended north to include England and also spread south to 
Morocco (Dusar, 1948). However, in the M. Jurassic the 
species was restricted to England despite the development of 
apparently suitable condensed facies, lacking in Ps. (Ps.) 
equivalvis, in other areas (e. g. S. Germany and France). 


7. DESCRIPTION OF ECOLOGY 


Ps. (Ps.) dentatus is quite common in the Planorbis zone 
(Hettangian) of the Rhone basın where it reaches a maximum 
height of 35 mm (Dumorrier, 1864). A general impression 
gained from the literature is that forms with plical counts in 
the upper part of the range of variation may be more common 
than at later horizons in the stratigraphic range (see Sec- 
tion 4). The associated sediments are ferruginous limestones 
with a diverse fauna of ammonites, crinoids and corals to- 
gether with the bivalves Chlamys (Ch.) valoniensis, Ch. 
(Ch.) pollux, Plagiostoma, Plicatula and Cardinia. In the 
same region Ps. (Ps.) dentatus becomes very common in the 
Oxynotum zone (Sinemurian) which is represented by a max- 
imum of 8 m of limestone. Large, well preserved specimens 
occur with abundant ‘Terebratula’, ammonites and the 
bivalves Cardinia and Gryphaea (DumorTiEr, 1867). 


In the Jamesoni zone (L. Pliensbachian) of the Pyrenees, 
Ps. (Ps.) dentatus is locally common enough to form 
lumachelles containing specimens up to amaxımum height of 
70 mm (Dusar, 1925). In this region the whole substage is 
condensed into a 2-3 m succession containing abundant am- 
monites and the pectinids Ch. (Ch.) textorıa, Entolium (E.) 
lunare and Weyla. Ps. (Ps.) equivalvıs is notable by its ab- 
sence. 

Ps. (Ps.) dentatus occurs abundantly in reefal deposits ın 
the U. Pliensbachian of Morocco where it is associated with 
corals, algae, brachiopods and large bivalves of the genera 
Lithiotis, Opisoma and Pachyrısma (Dusar, 1948). Ps. (Ps.) 
veyrasensis also occurs but Ps. (Ps.) equivalvis ıs absent. Ps. 
(Ps.) dentatus is found, albeit rather less commonly, in non- 
reefal micritic limestones in N. Africa and Provence where it 
is often associated with accumulations of rhynchonellid and 
terebratulid brachiopods (Languine, 1929). Inthe U. Pliens- 
bachıan of England, Ps. (Ps.) dentatus only occurs ın any 
numbers in deposits of the Spinatum zone in Oxfordshire, 
Northamptonshire and Somerset, where it reaches a max- 
imum height of 55 mm (BM 20719). The sediments are 
chamositic oolites, locally sandy, containing a fauna domi- 
nated by the brachiopods Tetrarhynchia tetrahedra and 
Lobothyris punctata. E. (E.) lunare, Ps. (Ps.) veyrasensis and 
Ps. (Ps.) equivalvis also occur but the last is much less com- 
mon than in contemporaneous deposits further north (e. g. 
Cleveland Ironstone) where Ps. (Ps.) dentatus ıs absent. 

IntheM. Jurassic Ps. (Ps.) dentatus ısonly known to occur 
in any numbers in the condensed ironshot limestones of the 
Aalenıan/Bajocıan in Somerset and Dorset where it attaıns a 
maximum height of 38 mm (BM 52121). The associated fauna 
is dominated by terebratulid and rhynchonellid brachiopods 
and the bivalves Astarte, Pholadomya and Trigonia. 

Apart from the occurrences discussed above Ps. (Ps.) den- 
tatus is a rare species. Wher it is found over a broad 
palaeolatitudinal range, as in the U. Pliensbachian, the 
species seems to be more common towards the south. 


8. INTERPRETATION OF ECOLOGY 


It is apparent from Section 7 that environments of relatively 
high temperature and low turbidity were favourable to Ps. 
(Ps.) dentatus. The former view is evidenced by the relative 
abundance of the species in low palaeolatitudes while the lat- 
ter view is evidenced by the large sıze and frequent abundance 
in condensed sequences where a combination of slow 
sedimentation and early diagenetic cement formation proba- 
bly reduced turbidity (see p. 71). The association with her- 
matypic corals, which are unable to tolerate high turbidity, 
can presumably be explained on the same basıs, while the ex- 
treme rarity of the species in the Toarcian can be seen to be the 
consequence ofthe widespread development of expanded clay 
facies, producing turbid waters and possibly soupy sub- 
strates. 


Reef deposits and some of the condensed sequences (e. g. 
M. Lias chamosite oolites and the Aalenıan/Bajocıan ıronshot 
limestones of England) were probably characterised by high 
environmental energy as well as low turbidity. However, 
others (e. g. those in the L. Lias of $S. France) were probably 
formed under more tranquil conditions, indicating that rapid 
water movement was not a prerequisite for Ps. (Ps.) dentatus. 
Indeed the absence of the species from anumber of apparently 
suitable condensed sequences (see Section 6) coupled with its 
occasıonal presence, in moderate numbers, in expanded 
limestone sequences suggests that low turbidity may not have 
been the sole or even most important factor controlling dis- 
tribution. The association with numerous brachiopods in 
both high and low energy environments is unusual for a Juras- 
sic pectinid and some reliance on the presence of the latter 
group, perhaps for provision of firm substrates for the byssal 
attachment of the juvenile (see Section 9), may thus explain 
the localiısed occurrence of Ps. (Ps.) dentatus. Another ex- 
planation may be provided by competition with the eurytopic 
species Ps. (Ps.) equivalvis whose numbers are inversely cor- 
related with those of Ps. (Ps.) dentatus in sediments whose 
physical environment of deposition would appear to have 
been suitable for both species. Competition with Ps. (Ps.) 
equivalvis in such environments could account for the rarity of 
Ps. (Ps.) dentatus in the L. Lias of N. Europe and thus ob- 
viate the need to invoke a migration from a more southerly 
source (see Section 6). There is no evidence for competition 
with Ps. (Ps.) veyrasensis, Entolinm (E.) lunare, Chlamys or 
Weyla (see p. 71). 

It must be admitted that a unified explanation for the 
patchy distribution of Ps. (Ps.) dentatus ıs still wanting and a 
more detailed study of its palaeoecology might be expected to 
reveal some critical aspect of stenotopy which has hitherto 
gone undetected. 


9. FUNCTIONAL MORPHOLOGY 


In Ps. (Ps.) dentatus moderate adult size and shell thickness 
appear to represent a compromise between the opposing 
paradigms for reclining in both high and low energy environ- 
ments. The firm substrates usually occupied under such con- 
ditions (see Section 8) perhaps also allowed the development 
of a relatively convex shell with its attendant strengthening 
and stiffening attributes by reducing the danger, to which 
such a shape is susceptible, of sinking into the substrate. The 


increased mechanical efficiency thus acquired could account 
for the smaller number of plicae relative to the less convex 
species Ps. (Ps.) equivalvis. The occasional presence of Ps. 
(Ps.) dentatus in expanded micrite sequences does not how- 
ever support the foregoing interpretation of morphology as 
an adaptation to a reclining mode of life. The moderate shell 
size and convexity would have been poorly suited to reclining 
on the relatively soft substrates afforded by such sediments. 
Moreover, the large juvenile byssal notch indicates that Ps. 
(Ps.) dentatus was byssate for at least the early part of its on- 
togeny. The subsequent relative reduction in the size of the 
notch indicates that this ability was gradually lost but in the 
morphologically similar Recent species Argopecten gibbus 
(= Aequipecten gibbus nucleus) byssal attachment continues 
to shell heights of 35 mm (Srantev, 1970). Itmay therefore be 
that at least early representatives of Ps. (Ps.) dentatus (see Sec- 
tion 7) were byssate throughout life. 


10. ORIGINS AND EVOLUTION 


Since Ps. (Ps.) dentatus is recorded in the Planorbis zone its 
origins must be sought before the Jurassic. ‘Pecten’ 
coronatiformis Krumseck (1924) a species described from the 
U. Trias of Timor with vertically striated disc flanks and ven- 
trally tongueing growth lines in the sulci, seems the most 
likely ancestor. KrUMBEcK’s species differs from Ps. (Ps.) den- 
tatus only in the possession of angular plicae on the right 
valve and rounded plicae on the left valve. 

Within Ps. (Ps.) dentatus maximum height shows no sig- 
nificant overall phyletic change in the passage from the Het- 
tangian (30 mm) to the L. Pliensbachian (70 mm) to the U. 
Pliensbachian (55 mm) to the Aalenian/Bajocian (38 mm). 
There is, however, limited evidence (see Section 4) for phyle- 
tie change in the pattern of plical variability, Hettangian 
populations seeming to have a higher mean number of plicae. 
Later populations may have been subject to character dis- 
placement consequent upon competition with Ps. (Ps.) equı- 
valvis (see Section 8), a species having a higher modal 
number of plicae (22 cf. 17/18) which only became abundant 
in the Sinemurian. Much more detailed analysis of Hettangian 
populations is needed to establish the reality of the phyletic 
change and a test of the character displacement hypothesis 
through an analysis of Aalenian/Bajocian populations 
(which, if character displacement has been operative, should 
show an increased mean number of plicae due to the decline of 
Ps. (Ps.) equivalvis) is also required. The lack of an obvious 
functional basis for character displacement in this example 
need not be viewed as evidence against its action. Most re- 
ported cases (e. g. Russe, 1972; SchinpeL and GouLp, 1977) 
can only be explained by invoking selection of a pleiotropic 
gene which also codes for a significant but undetected 
physiological difference. 


It is by no means clear how an apparently stenotopic and 
geographically restricted species such as Ps. (Ps.) dentatus 
managed to re-establish itself after a drastic reduction in num- 
bers through the widespread development of unfavourable 
facies in the Toarcian, when the relatively eurytopic and cos- 
mopolitan Ps. (Ps.) equivalvis suffered a similar decline 
which apparently led to its extinction (see p. 73). Neither is 
a convincing deterministic explanation available to account 
for the Bajocian extinction of Ps. (Ps.) dentatus although it 
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could relate to the extinction of some commensal species (see 
Section 8). 


Psendopecten (Pseudopecten) veyrasensis (DUMORTIER 1864) 
Pl. 2, Figs. 19-21; text figs. 62 (pars), 63 


Synonymy 
Pecten aequiplicatus sp. nov; TERQUEM, p. 323, 
pl. 23, fig. 5. 
1864 Pecten veyrasensis sp. nov; DUMORTIER, p- 163, 
pl. 24, fig. 15. 
1869  Pecten Julianus sp. nov; DUMORTIER, p. 307, 


pl. 40, fig. 1. 
1869  Pecten Humberti sp. nov; DUMORTIER, p. 308, 
pl. 40. fig. 2. 
?1872 _ Pecten Bersaskensis sp. nov; TIETZE, p. 106, pl. 6, 
fig. 3. 


1878  Pecten heterotus sp. nov; GEMMELLARO and DI 
BLASI in GEMMELLARO, p. 391, pl. 30, figs. 3-5. 

1878  Pecten isoplocus sp. nov; GEMMELLARO and Di 
BLASI in GEMMELLARO, p. 392, pl. 30, figs. 6, 7. 

1886 Pecten Seguenzae sp. nov; Di STEFANO, p. 135, 
pl. 4, figs. 31-33. 

1892 Pecten convexus PARONA; PARONA, p. 16, pl. 1, 

fig. 4. 

Chlamys aequiplicata (TERQUEM); COSSMANN, 

p- 503, pl. 16, fig. 15. 

1926  Chlamys Humberti 
p-113. 

1929 Pecten (Pseudopecten) julianus DUMORTIER; LAN- 
QUINE, p. 131. 

1932 _ Pecten cf. Julianus DUMORTIER; TZANKOV and 

BONcCEv, p. 231, pl. 1, fig. 10. 

Aequipecten aequiplicatus (TERQUEM); DECHAS- 

EAUX, p. 41. 

1948 _ Pecten (Chlamys) aff. bersaskensis TIETZE; DU- 
BAR, p. 162, pl. 14, figs. 4a, 4b. 

1948 Pecten (Aequipecten) Julianus DUMORTIER; DU- 

BAR, p. 163, pl. 13, figs. 13a, 13b. 

Chlamys (Aequipecten) aequiplicata (TERQUEM); 

LENTINI, p. 27, pl. 15, fig. 3. 


non 1904 


(DUMORTIER); ROMAN, 


non 1936 


The type material of Pecten Veyrasensis Du- 
MORTIER 1864, p. 163, pl. 24, fig. 15 may be 
in MHNL. Dumorrier cites the following 
dimensions: H: 20, L: 20, C/2: 5, UA: 93. 
The material was derived from the M. Lias 
(U. Pliensbachian) of Ardeche. 


1. ORIGINAL DIAGNOSIS AND DESCRIPTION 


“Testa orbiculari, compressa, costata, costis circa 13 an- 
gulatis latis, rugis transversis impressis, quae in medio cos- 
tarum angulosae sursum ascendunt, intervallis profunde im- 
pressis, foraminatis. 


Dimensions: longeur 20 millim., largeur 20 millim., epais- 
seur 5 millim. '/;, ouverture de l’angle apical 93°. 


Coquille arrondie, epaisse, portant environs 13 cötes, gros- 
ses, carenees, orne&es de rides saillantes, en chevrons, dont le 
sommet est dirige en haut. Les sillons qui separent les Cötes 
sont etroits et profonds, et comme les chevrons qui ornent les 
cötes viennent s’y rencontrer, il en resulte que ces sillons ne 
sont qu’une serie de petites cavites resserrees entre les extrem- 
ites de ces chevrons. Entre la derniere cöte et la bord de la 
coquille il existe une petite ara, ornee de stries transverses. 


78 


Le bord cardinal est droit - L’oreille anterieure grande, or- 
nee de stries verticales sinueuses et fortement enchancree pour 
le passage du byssus: oreille posterieure... La coquille est 
fortement sinueuse dans la region palleale. Ce Pecten est pr&- 
cieux, parce que grace sa livree riche et compliquee, il est tou- 
jours reconnaissable, m&me dans ces fragments. I] parait spe- 
cial aux depöts de l’Ardeche: je P’ai recueillia Veyras, dans les 
couches remplies de tiges du Neuropora socıalis, sı remarqu- 
able de cette localıte. 


Localite: Veyras. r. Explication de la figure: Pl. XXIV, 
fig. 15, Pecten Veyrasensis de Veyras, grossi deux fois. Dema 
collection.’ 


2. AMENDED DIAGNOSIS 


Distinguished from Ps. (Ps.) dentatus and Ps. (Ps.) 
equivalvis by the lower modal number of plicae (14 cf. 17/18 
and 22 respectively) and from the latter also by the vertically 
striated disc flanks and down-sulcal tongueing of the comar- 
ginal striae. 


3. AMENDED DESCRIPTION 


Essentially similar to Ps. (Ps.) dentatus, differing only by 
the diagnostic feature (see Section 2), the range of plical varia- 
tion (12-15, text fig. 62) and by the tendency to develop arec- 
tilinear plical form on the shell interior (Pl. 2, Fig. 21). The 
maximum height is 74.5 mm (GPIG). 


4. DISCUSSION 


The specific name applicable to the range of forms making 
up the left-hand peak of text fig. 62 is a matter of some uncer- 
tainty. Apparently, the earliest description of a species within 
the 12-15 plicae range is ‘Pecten’ aequiplicatus TeraQurm. Al- 
though the text specifies the relatively uincommon number of 
12 plicae the figure illustrates amore typical specimen with 15 
plicae. However, TerQuen also referred to small spines on the 


left valve and subsequent applications of the name, by authors 
who may have had access to the type material, have been to 
forms with 12 plicae and spines (DecHasEaux, 1936) or 10 
plicae (Lenrini, 1973) which suggest that ‘P.’ aequiplicatus is 
a poorly figured junior synonym of Spondylopecten (Plesio- 
pecten) subspinosus. In contrast, Cossmann (1904) has figured 
a specimen with 16 plicae under TrrQurm’s species which 
suggests that ‘P.” aequiplicatus is an extreme variant of 
Ps. (Ps.) dentatus. In view of this ambiguous usage and in the 
lack of knowledge concerning the whereabouts of the type 
matertal, it seems best to rule out TERQUEM’s species as a can- 
didate for the name of the species described in Section 3. The 
next available name is ‘P.” Veyrasensis Dumorrier. The origi- 
nal description (see Section 1) specifies 13 plicae although the 
figure shows a more typical number of 14. DUMORTIER’s 
species ‘P.’ Julianus and ‘P.’ Humberti, with 12 and 14 
plicae respectively, fall within the range of varıatıon and ex- 
hibit no other distinguishing features. 


The original description of ‘P.’ Bersaskensis TiETZE 
specifies 16 plicae (outside the range of Ps. (Ps.) veyrasensis) 
but since the figure depicts only 15 plicae and specimens with 
14 plicae are referred to Tierze’s species by Dusar (1948), it is 
possible that ‘P.” Bersaskensis is asynonym of Ps. (Ps.) vey- 
rasensis. However, the width of the sulci and shallowness of 
the byssal notch may justify a distinction, although this ap- 
pearance could be due to reversed printing of a copper engra- 
ing (see p. 17). 


‘P. heterotus and ‘P.’ isoplocus GEMMELLARO and Dı Brası 
exhibit 13-14 and 14 plicae respectively, and both have the 
moderately high disc flanks, rounded right valve plicae and 
angular left valve plicae characteristic of Ps. (Ps.) veyrasensis. 
‘P.’ Seguenzae Dı Srerano with 14-15 plicae is similarly in- 
separable. 


The original description of ‘P.’ convexus Parona has 
proved impossible to trace but Parona’s (1892) subsequent 
use of the name is for a specimen whose figure is indisting- 
uishable from Ps. (Ps.) veyrasensıs. 
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Text fig. 63: Pseudopecten (Ps.) veyrasensis - European distribution. 


5. STRATIGRAPHIC RANGE 


Ps. (Ps.) veyrasensis apparently first occurs in the Angulata 
zone (Hettangıian) of the Rhone, where it is fairly common 
(DumorTIER, 1864). There are no unequivocal Sinemurian rec- 
ords although numerous specimens are recorded from an un- 
specified horizon in the Hettangian/Sinemurian sequence of 
Sıcily (GEMMELLARO, 1878). L. Pliensbachian records are re- 
stricted to 6 specimens (BM L92958-63) from the Jamesoni 
zone of the latter area but the species becomes locally quite 
common again inthe U. Pliensbachian. There are no records 
after the Spinatum zone. 


6. GEOGRAPHIC RANGE 


Ps. (Ps.) veyrasensis is unknown outside the European 
region. Within Europe (text fig. 63) the limited available data 
(with unequivocal Hettangian records being restricted to the 
Rhone and U. Pliensbachian records extending from 
Morocco to England) suggests a distribution pattern mirror- 
ing that of Ps. (Ps.) dentatus, thus anorthward migration may 
have occurred (however see p. 76). 


7. DESCRIPTION OF ECOLOGY 


Ps. (Ps.) veyrasensis is quite common in the condensed 
ironshot lumachelle (Angulata zone) of the northern Rhone 
basin where it attains amaximum height of 27 mm (DM). The 
diverse assocıated fauna includes Entolium (E.) lunare, Pinna, 
Plicatula and Cardinia. In the Hettangian/Sinemurian of 
Sicily, GEMMELLARO (1878) records 23 specimens of Ps. (Ps.) 
veyrasensis (Hmax: 20) from limestones with a diverse neritic 
fauna dominated by gastropods, the bivalve ‘Modiola’, and 
the brachiopods Spiriferina and Rhynchonella. From the 
same area Dı Sterano (1886) records Ps. (Ps.) veyrasensis 
from an unspecified horizon in the Trias/L. Lias. 6 specimens 
(BM L92958-63) labelled “Jamesoni zone, Sicily’ may have 
been the basıs for Dı Sterano’s record and allow a more accu- 
rate stratigraphic positioning since they are named 
‘P.’ Seguenzae, his synonym for Ps. (Ps.) veyrasensis (see 
Section 4). Dı Sterano describes an associated fauna consist- 
ing mainly of ammonites, spiriferid, terebratulid and rhyn- 
chonellid brachiopods and the bivalves Entolium (E.) lunare, 
Oxytoma, Pinna, Plicatula, Modiolus and Pholadomya. 

In the U. Pliensbachian of Morocco Ps. (Ps.) veyrasensis 
occursinreefal deposits (fauna p. 76) where itreaches a height 
of ca. 30 mm (Dusar, 1948). Ps. (Ps.) dentatus is a notable 
associate, as it is in non-reefal micrites in N. Africa and 
the Rhone Basın and in locally sandy condensed chamosite 
oolites of the Spinatum zone in Northamptonshire, Oxford- 
shire and Somerset (fauna p. 76) in which Ps. (Ps.) eguival- 
vis is a relatively rare species compared to similar contem- 
poraneous deposits further north. The maximum height of 
Ps. (Ps.) veyrasensis in the English occurrences is 24.5 mm 
(SM J40211) but an isolated specimen from the U. Pliens- 
bachian of Normandy has a height of 74.5 mm (GPIG). 
Other than where indicated above Ps. (Ps.) veyrasensis is a 
rare species. The limited available data suggests that it is more 
common in the southern parts of its geographic range. 
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8. INTERPRETATION OF ECOLOGY 


Ps. (Ps.) veyrasensis occurs in much the same sedimentary 
and faunal associations as Ps. (Ps.) dentatus thus a similar 
ecological interpretation can be applied (see p. 76). The fact 
that the species often co-occur might be adduced to be further 
evidence for the view (see p. 60) that they in fact constitute 
polymorphs of the same species. However, the fact that 
morphs attributable to Ps. (Ps.) veyrasensis are unknown after 
the U. Pliensbachian while those attributable to Ps. (Ps.) 
dentatus are found in the M. Jurassic is difficult to interpret 
on this basıs. Nevertheless the subtle ecological difference 
which presumably prevents inter-specific competition re- 
mains to be demonstrated. 


9. FUNCTIONAL MORPHOLOGY 


Since Ps. (Ps.) veyrasensis ıs ıdentical to Ps. (Ps.) dentatus 
in almost all aspects of morphology a similar mode of life can 
be inferred (see pp. 76, 77). Whether they are considered as 
polymorphs or separate species, a functional explanation for 
the difference in number of plicae in the two forms is difficult 
to envisage. Any savingin weight leading to improved swim- 
ming ability through the lower number of plicae in Ps. (Ps.) 
veyrasensis would have been offset by the reduced shell 
strength and stiffness incurred through the longer plical 
wavelength. It seems more likely that the number of plicae 
had no functional significance but was controlled by a pleio- 
tropic gene which also coded for a selectively significant 
physiological difference. Small differences in the mean 
number of ribs in closely related Recent species of Cardium 
have been accounted for in a similar way (RusseLı, 1972). 


10. ORIGINS AND EVOLUTION 


Ps. (Ps.) veyrasensis almost certainly evolved from Ps. (Ps.) 
dentatus but since there is no evidence for heterochrony, 
speciation presumably involved a major change in the 
genome. There is a strong suggestion that Ps. (Ps.) veyrasensis 
arose sympatrically in the Rhone basın during the Angulata 
zone. 


The apparent stenotopy of Ps. (Ps.) veyrasensis (see Sec- 
tion 8) combined with phyletic increase in height from 
27 mm (Hettangian) to 74.5 mm (U. Pliensbachian) indicates 
the prevalence of ‘K’ selection for increased trophic efficiency 
(GouLp, 1977). 


The post U. Pliensbachian extinction of the species almost 
certainly relates to the widespread development of unfavour- 
able bituminous shale facies in the L. Toarcıan. 


Subgenus ECHINOPECTEN BaasıL 1895 


Type species. OD; Brasır 1895, p. 12; Pecten barbatus 
J. Sowergy 1819, p. 53, pl. 231; Aalenian, Normandy. 


AMENDED DIAGNOSIS 


RV generally flatter than LV and bearing long, depressed 
spines. Jur. (Toar.-Baj.), Eu., S. Am. 
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DISCUSSION 


HERrTLEIN (1969: N372) contended that Ps. (Echinopecten) 
could be traced back to the Hettangian. Thismay bearesult of 
the inclusion of ‘Pecten’ pollux D’Orsıcny within the sub- 
genus. Although the latter has spines on the right valve, the 
presence of similar ornament on the left valve is unlike the 
type species. There is no other evidence to suggest that the 
species are related and ‘P.’ pollux is in fact almost certainly 
descended from a species of Chlamys, within which genus it is 
therefore included. The stratigraphic range of Ps. (Echinopec- 
ten) ıs consequently herein regarded as Toarcian - L. Bajo- 
cian. 


Psendopecten (Echinopecten) barbatus (]J. SOwErBY 1819) 
Pl. 2, Figs. 15-18; text figs. 64-66 


Synonymy 


1819  Pecten barbatus sp. nov; J. SOWERBY, p. 53, 
pl. 231. 
? 1833  Pecten barbatus J. SOWERBY; GOLDFUSS, p. 48, 
pl. 90, fig. 11. 
1850  Pecten barbatus J. SOWERBY; D’ORBIGNY, v. 1, 
p- 284. 
Pecten erebus sp. nov; D’ORBIGNY, v. 1, p. 284 
(BOULE, 1910, v. 4, p. 68). 
1858 Pecten barbatus J. SOWERBY; OPPEL, p. 420. 
1867 Pecten barbatus ]. SOWERBY; WAAGEN, p. 631. 
1868  Pecten Coqnandi sp. nov. JAUBERT, p. 235. 
1874 _ Pecten barbatus J. SOWERBY; DUMORTIER, p. 199, 
pl. 44, fig. 6, p. 310, pl. 42, fig. 5. 
1886d Pecten limpus sp. nov; DE GREGORIO, p. 21, 
pl. 13, fig. 7. 
1886 _ Pecten barbatus J. SOWERBY; ROTHPLETZ, p. 36. 
1893 Pecten cfr. barbatus J. SOWERBY; BOTTO-MICcA, 
p- 174. 
1895  Pecten (Echinopecten) barbatus J. SOWERBY; 
BRASIL, p. 12. 
1899  _Pecten barbatus J. SOWERBY; GREPPIN, p. 120, 
pl. 12, fig. 5. 
1911 Pecten erebus D’ORBIGNY; ROLLIER, p. 266. 
1916 _ Aequipecten barbatus (J. SOWERBY); RICHARD- 
SON, pp. 473, 497, 498, 513, 515. 
1917 Aequipecten barbatus (J. SOWERBY); PARIS and 
RICHARDSON, p. 521. 
1927 _ Aequipecten barbatus (J. SOWERBY); RICHARD- 
SON, pp. 53, 57. 
1929 Pecten (Aequipecten) barbatus ]J. SOWERBY; 
LANQUINE, pp. 199, 300. 
1936 Aequipecten barbatus (J. SOWERBY); DECHAS- 
EAUX, p. 58. 
1950  Chlamys (Aequipecten) barbata (J. SOWERBY); 
CHANNON, p. 247. 


Lectotype of Pecten barbatus J. SOwERBY 
1819, p. 53, pl. 231 herein designated; BCM 
© 2281.1 (the specimen depicted in the lower 
two figures of J. Sowersv’s pl. 231); Inferior 
Oolite (Aalenian/Bajocian/pars Bathonian), 
England (see p. 81). Paralectotype; BCM 
€ 2281.2 (the specimen depicted in the upper 
figure of Sowergy’s pl. 231); also Inferior 
Oolite, England. 


1. ORIGINAL DIAGNOSIS AND DESCRIPTION 


“Orbicular, depressed, transversely striated; rays 14, those 
upon one valve spinose; spines long, acute, depressed; ears 
nearly equal. 

The spinose valve is the flattest; the striae upon it are sharp, 
and much elevated upon the sides of the rays, from whence 
they curve into the bases of the spines, of which there are ab- 
out 5 to each ray. The rays upon the other valve are convex, 
equal in width to the space between them, and crossed by less 
elevated striae than those upon the spinose valve. The sides of 
both valves, near the ears, are perpendicular and neatly pectin- 
ated.’ 


2. AMENDED DIAGNOSIS 


Distinguished from all other species of Pseudopecten by 
the presence of long spines on the right valve. 
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Text fig. 64: Pseudopecten (Echinopecten) barbatus — 
heighr/length. 


3. AMENDED DESCRIPTION 


Disc sub-orbicular in juveniles becoming sub-ovate, longer 
than high (text fig. 64), near the maximum height of 52 mm 
(ENSM). Umbonal angle very variable (text fig. 65) but in- 
creasing during ontogeny to produce concave dorsal margıns. 
Disc flanks moderately high and ornamented with vertical 
striae (Pl. 2, Fig. 18). 


Equilateral; inequivalve, left valve moderately convex, 
right valve almost flat. 


Intersinal distance greater in left valve than right. Moder- 
ately large byssal notch in right valve becoming relatively 
smaller during ontogeny. 


Auricles well demarcated from disc, moderate in sıze, an- 
terior slightly larger than posterior. Junction with hinge line 
90°. Anterior auricle of right valve meeting disc at an acute 
angle. Posterior auricle of right valve and both auricles of left 
valve meeting disc at an acute angle. All auricles ornaniented 
with pronounced comarginal striae. Hinge line of right valve 
bearing dorsally directed spines up to 5 mm in length, spaced 
at intervals of 2-3 mm (Pl. 2, Fig. 17). 
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Text fig. 65: Pseudopecten (Echinopecten) barbatus — heighr/um- 
bonal angle. 


Exterior of both valves exhibiting 13-14 radial plicae, usual- 
ly 14 on right valve, 13 on left. Plicae equal in width to sulci, 
angular on right valve, rounded on left. On left valve both 
plicae and sulci traversed by comarginal striae (Pl. 2, Fig. 16). 
On right valve only flanks of plicae bearing comarginal orna- 
ment but latter more pronounced than on left valve (Pl. 2, 
Fig. 17). At shell heights above about 20 mm plicae on right 
valve also ornamented with ventrally directed spines up to 
10 mm in length, usually spaced at intervals of about 5 mm 
(2122 Eis. 17). 

Plicae rectilinear in form on shell interior. Shell thickness 
moderate. 


4. DISCUSSION 


Ofthe two syntypes of ‘Pecten’ barbatus J. SowErsY in the 
BCM, the bivalved specimen (C2281.1) is herein selected as 
lectotype and the other specimen (C2281.2), arıght valve seen 
from the interior, becomes, ipso facto, the paralectotype. 
The figure of ‘P.’ barbatus J. Sowersy; GoLpruss differs 
markedly from the species described in Section 3 by exhibit- 
ing 19 plicae and high H/L and H/UA ratios (1). This may, 
however, be due to a draughting error and ın the absence of 
the original (apparently destroyed during the 2nd. World 
War) it is impossible to say whether Goıpruss’ hypodigm dif- 
fered from that of J. Sowrrey, and thus whether his use of 
‘P.” barbatus should be excluded from the synonymy. 

The sole observed syntype of ‘P.’ erebus D’ORrBIGNY 
(MNO 2624A; Pl. 2, Fig. 15; 2) from the Bajocian, is a stein- 
kern showing the impression of 14 plicae which are rectilinear 
in form. In spite of the absence of the diagnostic external 
spines this feature aligns ‘?.’ erebus with Ps. (Ec.) barbatus 
because no other Bajocian pectinids with plicae of this shape 
and number are known. 


No supporting figure was provided in the erection of 
‘P.’ Coquandı Jausert. This species, from the Toarcian of 
Provence, was said to differ from ‘P.’ barbatus by the paucity 
of spines on some parts of the shell. Since this is a feature of 
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the left valve and early ontogenetic stages of the right valve in 
J. SOwErBY’s species, JAUBERT’s diagnosis is inadequate. In 
fact, LAnQuine (1929) has subsequently examined the latter’s 
syntypes and pronounced them to be inseparable from 
J- SOwErBY’s species. 


The figure of ‘P.’ impus De GreGor1o apparently depictsa 
specimen of Ps. (Ec.) barbatus whose spines have been re- 
moved by abrasion. 


5. STRATIGRAPHIC RANGE 


Ps. (Ec.) barbatus first occurs, albeit rather rarely, in the 
Toarcian of Provence (JausErT, 1868; LAnouıne, 1929), the 
Rhone basin (Dumorrier, 1874) and possibly N. Italy (De 
GREGORIO, 1886d). The earliest records appear to be from the 
Bifrons zone (L. Toarcian). Subsequently the species be- 
comes locally common in the Aalenian and L. Bajocian. BM 
66826, from the Laeviuscula zone, is the latest unequivocal 
zonally defined record of Ps. (Ec.) barbatus. However, Parıs 
and RıcHarDson (1917) considered that the specimen herein 
designated as lectotype (see Section 4) was, by the evidence of 
the matrix, probably derived from the Sauzei zone of Dun- 
dry, near Bristol. It may therefore be that some of the many 
museum specimens labelled ‘Inferior Oolite’ from this and 
other localities in S. England are also derived from the Sauzei 
zone. It seems unlikely that any specimens are derived from 
later parts of the Bajocıan. 


6. GEOGRAPHIC RANGE 


Ps. (Ec.) barbatus is unknown outside Europe. Within 
Europe (text fig. 66) its distribution is patchy and largely re- 
stricted to $. England and France. This is probably due to the 
localised development of the appropriate sedimentary facies 
(see Section 8). There is some evidence for a migration from 
an initial centre in $S. France. Unequivocal Toarcian records 
are limited to the latter area. Subsequent records from the 
Opalinum zone of the Aalenian also include specimens from 
N. Italy (Borro-Mıcca, 1893) and Dorset (RıcHARDsoN, 
1927). However, Ps. (Ec.) barbatus did not spread into 
northern Europe in numbers until a later date, despite the 
widespread development of the appropriate sedimentary 
facıes. Thus the Concavum zone marks the first occurrence of 
numerous specimens in Normandy (Brasır, 1895) while Ps. 
(Ec.) barbatus did not occur widely in S. England until the 
Discites zone of the L. Bajocian (Parıs and RıcHarpson, 
1917). 


7. DESCRIPTION OF ECOLOGY 


In the Toarcian and Aalenıan of Provence Ps. (Ec.) bar- 
batus ıs found in coarse, occasionally sandy, ferruginous 
limestones containing chert nodules. Associated faunal ele- 
ments are predominantly terebratulid and rhynchonellid 
brachiopods although gastropods and the bivalves Pro- 
peamussium (P.) laeviradiatum, Entolium (E.) corneolum, 
Gervillia, Modiolus, Gryphaea, 
Pholadomya and Pleuromya also occur (LAnQuine, 1929). 
Ps. (Ec.) barbatus occurs with a similar fauna (to which is add- 
ed P. (P.) pumilum) in the thin, partly phosphatised, and 
locally conglomeratic limestones of the Aalenian (Concavum 


Plagiostoma, Astarte, 


Text fig. 66: Psendopecten (Echinopecten) barbatus — European distribution. 


zone) in Normandy (Brasır, 1895). The species is absent from 
deposits of the same age in S. Germany which are developed 
as an expanded shale sequence passing upwards into sand- 
stones and chamosite oolites. 

In the Laeviuscula zone (L. Bajocian) of Provence Ps. (Ec.) 
barbatus is quite common and occurs with a fauna similar to 
that described above (with the addition of Ctenostreon) ın 
hard ferruginous limestones. The fossils are heavily corroded 
and phosphate coated, particularly at a hardground horizon 
where glauconite and limonite mineralisation has also taken 
place (Lanouine, 1929). Deposits of similar age in$. England 
(Discites-Sauzei zones) are developed as condensed ironshot 
sandy limestones locally containing exogenous limestone 
pebbles. Ps. (Ec.) barbatus is quite common and P. (P.) 
laeviradiatum is afrequent associate in afauna much the same 
as that from Provence (RıcHARrDsoN, 1916). Contemporane- 
ous deposits in $. Germany consist of condensed marly ool- 
ites from which Ps. (Ec.) barbatus has yetto be recorded. The 
species is also absent from the deep water pelagic limestones 
of the peri-Mediterranean region. The only records from the 
latter area are from Provence (see above) and the Aalenıan of 
the Italian Alps (DE Gresorıo, 1886d; Borro-MiccA, 1893) 
where a few specimens have been found in condensed de- 
posits, probably formed on a submarine rise (fauna p. 31). 
The few other records of Ps. (Ec.) barbatus appear also to be 
from condensed facies. 


8. INTERPRETATION OF ECOLOGY 


Ps. (Ec.) barbatus frequently occurs with the stenotopic 
pectinid Propeamussium (P.) laeviradiatum and reference 
should be made to the analysis presented for this species (p. 
31) for a complementary and more detailed interpretation 
of synecology. 

The coarse-grained, condensed deposits in which Ps. (Ec.) 
barbatus usually occurs are indicative of high energy condi- 
tions with a low sediment input. Corroded fossils and local 
non-sequences provide evidence of active erosion, perhaps as 
a result of storms. The extensive mineralisation associated 


with slow deposition probably led to the formation of a firm 


substrate and may also have promoted the local development 
of hardgrounds. 


The associated benthic fauna is characterised by adapta- 
tions for stability in the face of high environmental energy. 
The adaptations of the epifauna are discussed on p. 31. Less 
common infaunal elements are characteristically deep bur- 
rowing bivalves (Pleuromya, Pholadomya) which were prob- 
ably able to avoid the risk of exhumination by living below the 
base of storm erosion. Genera which probably lived semi- 
infaunally (Plagiostoma, Gervillia, Modiolus) can be adduced, 
by analogy with Recent analogues (StAnLEY, 1970), to have 
attained stability by virtue of a strong byssus. 


The absence of Ps. (Ec.) barbatus from condensed oolites, 
such as are developed in the Aalenian and Bajocian of $. Ger- 
many, is probably because the shifting nature of such sedi- 
ments created an unfavourable environment. The develop- 
ment of spinose ornament on the right valve was probably 
made at the expense of swimming ability (see Section 9), thus 
occupation of a mobile substrate would have rendered Ps. 
(Ec.) barbatus extremely susceptible to sediment swamping. 
Moreover, loose ooliths would have probably afforded apoor 
anchorage for the spines. Deep water pelagic limestones were 
probably unfavourable to Ps. (Ec.) barbatus as aconsequence 
of their soupy nature at the time of deposition, leading to the 
danger of sediment swamping. The absence of Ps. (Ec.) barb- 
atus from expanded coarse-grained sequences (as in the 
Aalenian of $S. Germany) indicates that the favourability of 
condensed coarse-grained sediments for the species lay in 
their low turbidity rather than high energy depositional en- 
vironment. 


The usual occurrence of Ps. (Ec.) barbatus in only moder- 
ate numbers with a high diversity fauna suggest that it was an 
equilibrium species (LEvinton, 1970). 


9. FUNCTIONAL MORPHOLOGY 


The following features are paradigmatic for a bivalve living 
in a high energy environment with a reclining habit when 


adult. 


. Large adult size 

. Thick shell 

. Strongly ornamented lower valve 
. Smooth upper valve 


run 


Low convexity 


Of these, Ps. (Ec.) barbatus exhibits features 3, 4 and, to 
some extent, 5. The strongly spinose and comargınally 
striated right valve represents, in bioeconomic terms, an effi- 
cient means of gripping the substrate in the high energy en- 
vironments occupied by the species. Presumably environ- 
mental energy was never so high as to also necessitate the de- 
velopment of a large thick shell for stability whilst reclining. 

The possibility that the spines might represent a ‘snow-shoe’ adap- 

tation such as has been suggested for Spondylus in the Chalk by 

CARTER (1972) can be ruled out because the substrates occupied by 

Ps. (Ec.) barbatus were almost certainly firm (see Section 8). 

Furthermore the relatively small size of the spines would have 

tended to localise rather than spread the weight of the shell. In fact 

P. WOODROOF (pers. comm., 1977) reports that Spondylus is 

more common in the Cretaceous in coarse grained firmground de- 

posits rather than the typical Chalk lithology which is indicative of 

a soupy substrate at the time of deposition. 


The moderately large juvenile byssal notch indicates that 
stability was attained through byssal fixation early in on- 
togeny. Spines are absent in the juvenile and the size at which 
these are first secreted (H: 20) may correspond to that at 
which current-generated overturning moments became too 
great for a byssus to be profitably employed. 


Although the development of both dorsally directed spines 
on the hinge and ventrally directed spines on the disc must 
have been highly effective in providing stability against cur- 
rents from a wide variety of directions, it must also have sev- 
erely impaired swimming ability, such as might have been re- 
quired to escape potential predators or sediment swamping 
(see Section 8). Any attempt to move dorsally (the ‘escape re- 
sponse’) or ventrally (normal swimming) would have lodged 
one or other set of spines even more firmly into the sediment 
and thus prevented ‘take-off’. Moreover, even if the animal 
was able to rise from the sea-floor the spines would have still 
inhibited swimming by greatly increasing the frictional drag. 
Ontogenetic increase in umbonal angle indicates an attempt to 
prolong swimming ability beyond the juvenile stage. How- 
ever, it seems likely that late in ontogeny attempted predation 
was resisted by a 'siege’ policy to which the well developed 
plicae contributed by increasing the strength and stiffness of 
the shell. 


10. ORIGINS AND EVOLUTION 


The most likely ancestor for Ps. (Ec.) barbatus ıs Ps. (Ps.) 
veyrasensis. The only major difference between the species ıs 
the existence of spines on the right valve in the former. There 
is however no evidence in the form of ancestral allometry to 
suggest that the appearance of spines could have been due to 
the relatively simple process of heterochrony and trans- 
specific evolution may therefore have involved a major change 
in the genome. There is a gap of three zones between the first 
and last respective appearances of the species and this suggests 
that speciation took place outside the main range of the ances- 
tor (Europe) in accordance with the allopatric model. 
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No phyletic trends are apparent in Ps. (Ec.) barbatus al- 
though a rigorous assessment of the possibility of size change 
is precluded by the imprecise stratigraphic localisation of 
most museum specimens. The largest specimen (H: 52, 
ENSM) is labelled “Inferior Oolite’ (Aalenian/Bajocian). 


The post-Sauzei zone extinction of Ps. (Ec.) barbatus has 
no convincing deterministic explanation. Locally, as in the 
L. Bajocıan of Provence, its disappearance is correlated with 
the onset of unfavourable marl deposition. However, at least 
in Britain, apparently suitable condensed facies persist into 
the U. Bajocian, where Ps. (Ec.) barbatus ıs unknown. 


Genus SPONDYLOPECTEN Rorper 1882 


Type species. M; Ro£per 1882, p. 52; Pecten cf. erinaceus 
Buvicnier; ROEDER 1882, p. 52, pl. 2, figs. 4a-c; Oxfordıan, 
Alsace. 


AMENDED DIAGNOSIS 


Sculptured with number of strong, usually rounded, radial 
plicae, spinose in some species; byssal notch deep; cardınal 
area of RV with narrow median groove (similar to Spondylus) 
which continues to ligamental pit; hinge of RV with 2 promi- 
nent thick teeth which fit into corresponding sockets in LV. 
(Apparently some species are attached to tip of RV.) Jur. 
(Aalen. [?Hettang.]-Tithon.), Fu., Afr., Asıa. 


DISCUSSION 


In his diagnosis HerrtLeım (1969: N364-365) stated that 
spines were restricted to the left valve in Spondylopecten. All 
the species here described seem to have had spines on both the 
left and right valves. HERrTLEIN considered that the genus was 
restricted to reefs but the results of work presented herein 
suggest that this was not so. The stratigraphic and geographic 
range given by HERTLEIN is also extended herein. 


Within the toothed Jurassic pectinids two distinct sub- 
groups may be recognised. One has numerous rounded plicae 
bearing 2-4 rows of spines while the other has fewer, more 
angular plicae bearing single rows of spines. There is no direct 
evidence to suggest that one group has evolved from the other 
and the fact that teeth have been acquired polyphyletically ın 
varıous Cenozoic ‘Chlamys’ species (DE LORIOL, 1901; Ark- 
Keıı, 1935a) indicates that there are only grounds of conveni- 
ence for uniting the two groups of toothed Jurassic pectinids 
within the same genus. They are herein separated at the sub- 
generic level; the former group being referred to $. (Spon- 
dylopecten) and the latter to 5. (Pleisiopecten). Plesiopecten 
Munier-CHAaLMaAs was considered by HErTLEIN (1969) to be 
synonymous with Spondylopecten ROEDER at the generic 
level. However, apart from the obvious differences in form of 
the type species (respectively typical and sole species of the 
two groups delineated above), it has been shown by Arkerı 
(1935a) that Roeper’s original conception of Spondylopecten 
did not include the type species of Plesiopecten (cf. p. 90). 
There are thus ample grounds for employing Spondylopecten 
and Plesiopecten as separate subgeneric categories. 
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Subgenus PLESIOPECTEN Munier-CHaALmas 1887 


Type species. M; MunıEr-CHaLMmaAs in P. FiscHEr 1887, 


p: 994; Pectinites subspinosus SCHLOTHEIM 1820, p. 223; 
U. Jurassic, S. Germany. 


AMENDED DIAGNOSIS 


Spondylopecten with angular plicae bearing only one row 
of spines. Jur. (Aalen. [?Hettang.] — Tithon.), Eu., Afr., 


Asıa. 


DISCUSSION 


Herrtuein (1969) did not recognise Plesiopecten as a discrete 


entity and therefore provided no diagnosis. 


Jurassic representatives of S. (Plesiopecten) cannot be sub- 
divided so all are herein referred to one species, $. (Pl.) sub- 


spinosus. 


Spondylopecten (Plesiopecten) subspinosus (SCHLOTHEIM 1820) 
Pl. 3, Figs. 1-5, 7, ?Fig. 6; text figs. 67-72. 


v* 1820 
? 1833 
v 1833 

(?) 1850 


v" 1850 


v" 1850 


1850 


v” 1850 


1852 
? 1855 


1858 
v 1858 


1862 

? 1862 
1863 

(?) 1865 


1867 
? 1878 


Synonymy 


Pectinites subspinosus sp. nov; SCHLOTHEIM, 
p>223: 

Pecten novemplicatus sp. nov; MÜNSTER in GOLD- 
FUSS, p. 45, pl. 100, fig. 3. 

Pecten subspinosus SCHLOTHEIM; GOLDFUSS, 
p- 46, pl. 100, fig. 4. 

Pecten novemplicatus MÜNSTER; D’ORBIGNY, 
v.1p3257, 

Pecten Hedonia sp. nov; D’ORBIGNY, v. 1, p. 284 
(BoULE, 1910, v. 5, p. 68, 1909, v. 4, pl. 20, 
figs. 15-17). 

Lima Bellula sp. nov; D’ORBIGNY, v. 1, p. 371 
(BOULE, 1927, v. 16, p. 130, 1928, v. 17, pl. 6, 
fig. 1). 

Pecten subspinosus SCHLOTHEIM; D’ORBIGNY, 
v..1,:P2 373. 

Pecten Orontes sp. nov; D’ORBIGNY, v. 1, p. 373 
(BOULE, 1927, v. 16, p. 131, 1928, v. 17, pl. 6, 
figs. 3, 4). 

Pecten subspinosus SCHLOTHEIM; QUENSTEDT, 
p: 507, pl. 40, fig. 44. 

Pecten aequiplicatus sp. nov; TERQUEM, p. 323, 
pl. 23, fig. 5. 

Pecten Bouchardi sp. nov; OPPEL, p. 492. 

Pecten subspinosus SCHLOTHEIM; QUENSTEDT, 
p- 500, pl. 67, figs. 3, 4, p. 754, pl. 92, figs. 5, 6. 
Pecten subspinosus SCHLOTHEIM; THURMANN and 
ETALLON, p. 251, pl. 35, fig. 4. 

Pecten Sarmerensis sp. nov; ETALLON in THUR- 
MANN and ETALLON, p. 259, pl. 36, fig. 11. 
Pecten subspinosus SCHLOTHEIM; LYCETT, p: 113, 
pl. 40, fig. 14. 

Pecten aequiplicatus TERQUEM; TERQUEM and 
PIETTE, p. 102. 

Pecten subspinosus SCHLOTHEIM; LAUBE, p. 10. 
Pecten lottii sp. nov; GEMMELLARO and Di BLası 
in GEMMELLARO, p. 389, pl. 20, figs. 1, 2. 

Pecten Oromedon sp. nov; DE LORIOL, p. 160, 
pl. 22, fig. 21. 

Pecten subspinosus SCHLOTHEIM; BOEHM, p. 612, 
pl. 67, figs. 40, 41. 

Pecten Bouchardi OPPEL; SCHLIPPE, p. 134, 
pl. 2, fig. 13. 


non 1904 


Chlamys subspinosus (SCHLOTHEIM); SIEMIR- 
ADZKI, p. 118. 

Pecten subspinosus SCHLOTHEIM; DE LORIOL, 
p-42. 

Pecten (Plesiopecten) subspinosus SCHLOTHEIM; 
DE LORIOL, p. 105. 

Pecten subspinosus SCHLOTHEIM; REMES, p. 203. 
Chlamys cf. aequiplicata (TERQUEM); COSSMANN, 
p- 503, pl. 16, fig. 15. 


Pecten (Plesiopecten) subspinosus SCHLOTHEIM; 
DE LORIOL, p. 230, pl. 23, figs. 5, 6. 

Pecten subspinosus SCHLOTHEIM; PERON, p. 215. 
Pecten lykosensis sp. nov; KRUMBECK, p. 103, 
pl. 4, figs. 1a-c. 

Pecten (Chlamys) oromedon DE LORIOL; KILIAN 
and GUEBHARD, p. 817. 

Pecten subspinosus SCHLOTHEIM; SIMIONESCU, 
p- 13, pl. 2, fig. 13. 

Plesiopecten snubspinosus (SCHLOTHEIM); LISSA- 
JOUS, p. 362, pl. 9, fig. 20. 

Chlamys (Aequipecten) Hedonia (D’ORBIGNY); 
COSSMANN, p. 12, pl. 1, figs. 14-17. 

Chlamys (Aequipecten) Bonillerieri sp. nov; 
COSSMANN, p. 2, pl. 1, figs. 5, 6. 

Pecten (Plesiopecten) subspinosus SCHLOTHEIM; 
DouviLL£, p. 74, pl. 9, figs. 6, 6a. 

Aequipecten bouchardi (OPPEL); RICHARDSON, 
pp. 494, 505, 507, 508, 511. 

Aequipecten bouchardi (OPPEL); PARIS and 
RICHARDSON, p. 522. 

Pecten subspinosus SCHLOTHEIM; FAURE-MAR- 
GUERIT, p. 56. 

Plesiopecten fusciacensis sp. nov; LISSAJOUS, 
p- 163, pl. 30, figs. 7, 7a, 8,9. 

Spondylopecten subspinosus (SCHLOTHEIM); STAE- 
SCHE, p. 107, pl. 4, fig. 9. 

Spondylopecten Bouchardi (OPPEL); STAESCHE, 
p. 108, pl. 4, fig. 8. 

Aequipecten Bouchardi (OPPEL); LANQUINE, 
p. 323. 

Pecten subspinosus SCHLOTHEIM; YIN, p. 122. 
Spondylopecten subspinosus _(SCHLOTHEIM); 
FRENTZEN, p. 56. 

Plesiopecten subspinosus (SCHLOTHEIM); ARKELL, 
p- 364, pl. 53, figs. 4, 5. 

Aequipecten aequiplicatus (TERQUEM); DECHAS- 
EAUX, p. 41. 

Spondylopecten Hedonia (D’ORBIGNY); DECHAS- 
EAUX, p. 65. 

Spondylopecten Bouchardi (OPPEL); DECHAS- 
EAUX, p. 65. 

Spondylopecten subspinosus (SCHLOTHEIM); DE- 
CHASEAUX, p. 66, pl. 8, fig. 9. 

Plesiopecten subspinosus (SCHLOTHEIM); WEIR, 
p- 50, pl. 3, fig. 18. 

Chlamys (Plesiopecten) subspinosa (SCHLOTHEIM); 
Cox, p. 18, pl. 1, figs. 9-12. 

Plesiopecten bouchardi (OPPEL); WELLNHOFER, 
p- 39, pl. 1, fig. 27. 

Chlamys (Aequipecten) aequiplicata (TERQUEM); 
LENTINI, p. 27, pl. 15, fig. 3. 

Spondylopecten subspinosus (SCHLOTHEIM); YAM- 
ANI, p. 59, pl. 3, figs. 3-6. 


Lectotype of Pectinites subspinosus SCHLOT- 
HEIM 1820, p. 223 designated herein; HM 
MB-M. 25.4; Pl. 3, Fig. 1 herein; H: 13.5, 
L: 13.5, UA: 90, PL: 12; Hornstein (?Kim- 
meridgian), Grumbach bei Amberg (Fran- 
conıa). Paralectotypes; HM MB-M. 25.1- 
3,5-7 (6 specimens). 


1. ORIGINAL DIAGNOSIS AND DESCRIPTION 


„Mehrere Exemplare in Hornstein, gleichfalls von Amberg 
(2ER): 

In der Form dem vorhergehenden ziemlich ähnlich nur viel 
kleiner, und höchstens nur einen Zoll im Durchmesser errei- 
chend, mit verhältnismäßig ziemlich breiten, mit gekörnten 
Querstrichen versehenen Ohren. Von flacherer Wölbung als 
der vorhergehende. Beyde Hälften gleichförmig gewölbt, die 
Rippen stark hervorspringend, spitzwinklich zulaufend, und 
mit kleinen Dornen besetzt. Die sehr feinen eng zusammen 
stehenden erhabenen Querrippen sind nur in den Zwischen- 
furchen sichtbar, und veranlassen, daß man Einkerbungen 
oder vertiefte Punkte in den Zwischenfurchen wahrzuneh- 
men glaubt. Ein darunter befindliches zum Theil verkieseltes 
Exemplar ist unter den Hornsteinversteinerungen merk wür- 
dig. Er scheint in der dortigen Gegend ziemlich häufig zum 
Vorschein zu kommen.‘ 


2. AMENDED DIAGNOSIS 


As for diagnosis of subgenus (p. 84). 
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Text fig. 67: Spondylopecten (Plesiopecten) subspinosus — 
heighv/length. 


3. AMENDED DESCRIPTION 


Disc sub-orbicular at all ontogenetic stages (text fig. 67), 
maximum height 27 mm (BM L68240). Umbonal angle very 
variable (text fig. 68) but increasing slowly during ontogeny 
to produce slightly concave dorsal margıns. Disc flanks high. 

Equilateral, umbones projecting slightly beyond hinge 
line; equivalve, convexity variable, moderate to high, increas- 
ing with approximate isometry (text fig. 69). 

Intersinal distance greater in left valve than right. Moderate 
byssal notch in right valve becoming relatively smaller during 
ontogeny. 

Auricles well separated from disc, moderate in size, an- 
terior larger»than posterior. Anterior auricle of right valve 
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Text fig. 68: Spondylopecten (Plesiopecten) subspinosus - 
height/umbonal angle. 


meeting hinge line and disc at 90°, anterior auricle of left valve 
meeting hinge line and disc at an acute angle. Posterior auri- 
cles of both valves meeting hinge line and disc at an acute 
angle. All auricles sloping from umbo towards opposite valve 
(Pl. 3, Fig. 4) at a maximum angle of 20°. Anterior auricle of 
right valve ornamented with four radial costae. 
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Text fig. 69: Spondylopecten (Plesiopecten) subspinosus — convex- 
ity/height. 


Exterior of both valves ornamented with between 10 and 13 
angular radial plicae (text fig. 70), equal in width to sulci; usu- 
ally one more plica in right valve than left. Plicae poorly de- 
fined near anterior and posterior margins. Large specimens 
may develop additional intercalary plicae (Tuurmann and 
Erauton, 1862; Yın, 1931). Crests of plicae bearing ventrally 
directed spines up to2 mm in length and spaced at intervals of 
about 2 mm (Pl. 3, Fig. 3). Sulci traversed by strong comar- 
ginal striae (Pl. 3, Fig. 3) fading out on the plical flanks and 
towards the ventral margins of large specimens (Pl. 3, Fig. 7). 
Plical cross-section rectilinear and reduced in amplitude on 
interior of shell (Pl. 3, Fig. 5); shell thickness high. 


Cardinal area of right valve bearing two peg-shaped crura 
(Pl. 3, Fig. 2), anterior larger than posterior and vertically 
striated; corresponding sockets in left valve. 
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Text fig. 70: Spondylopecten (Plesiopecten) subspinosus frequency 
distribution for number of plicae on right valve. 


4. DISCUSSION 


The 12 syntypes originally described by SCHLOTHEIM (1820) 
as ‘Pectinites’ subspinosus were subsequently added to such 
that the ScHLOTHEM collection (HM) now contains 18 specı- 
mens under this specific name (Dr. J. Heıns, pers. comm., 
1978). The specimens are variably preserved and it ıs not cer- 
tain which constitute the syntypes. However, all appear to be 
referable to the species described in Section 3 and this fact to- 
gether with the unambiguousness of the description (see Sec- 
tion 1) can leave little doubt as to SchLorHeım’s hypodigm. 
Accordingly one of the 18 specimens (HM MB-M. 25.4; 
Pl. 3, Fig. 1) is herein designed as lectotype and a further 6 
specimens (HM MB-M. 25.1-3, 5-7) are selected as paralec- 
totypes. 


The single observed type of ‘Lima’ Bellula D’OrBıGNnY 
(MNO 3737) and the sole observed type of ‘P.’ Hedonia 
D’Orsıcny (MNO 2421) with 12 and 13 plicae respectively, 
together with the two syntypes of ‘P.’ Orontes D’ORBIGNY 
(MNO 3766) with 11 and 13 plicae, all fall within the range of 
plical variation in $. (Pl.) subspinosus and can be disting- 
uished on no other count. Similarly, ‘P.’ bkosensis Krun- 
Beck and ‘Chlamys’ (“Aequipecten’) Bonillerieri CossmanN, 
both with 11 plicae, cannot be accorded a specific distinetion. 

Although the figure of ‘P.’ aequiplicatus Terourm shows 
15 plicae and is similar to Pseudopecten (Ps.) veyrasensis the 
text specifies 12 plicae and spinose ornament as is characteris- 
tic of $. (Pl.) subspinosus. Some subsequent applications of 
TERQUEM’s specific name by authors who may have examined 
the type material appear to bear out the latter assignation (e. g. 
Lenrinı [1973] for forms with 10 plicae and DEcHAsEAUxX 
[1936] for forms with 12 plicae and spines). However, Coss- 
MANnN’S (1904) usage is for aform with 16 plicae which is prob- 
ably referable to Ps. (Ps.) dentatus and it is thus conceivable 
that ‘P.’ aequiplicatus TERQUEM could represent the extremes 
of variation in the latter species. Unfortunately discussion of 
the taxonomic position of ‘P.’ aequiplicatus is hampered by 


the fact that the presence or absence of the cardinal crura diag- 
nostic of Spondylopecten has yet to be demonstrated in either 
the specimens cited in the bibliographic references above or ın 
museum specimens from comparable horizons (Lias) ex- 
amined by the author (however see Section 5). For the same 
reason the taxonomic position of ‘P.’ novemplicatus Mün- 
STER (a species founded on a fragmentary specimen from the 
Lias which must have originally possessed about 12 plicae) is 
also uncertain. 


‘P.’ Bouchardi Opreı was originally erected for forms dif- 
fering from typical $. (Pl.) subspinosus only by their greater 
convexity and stronger plicae. STAESCHE (1926), in maintain- 
ing a specific distinction, added that such forms were also 
characterised by wider sulci lacking in comarginal ornament 
but failed to recognise that all four features are correlates of 
relatively large size, as is clearly illustrated by his figured 
specimen (H: 20.9). ‘Pl.’ fusciacensis Lıssajous, erected for 
large specimens (Hnax: 27) lacking comarginal ornament ın 
the sulci, is similarly inseparable from $. (Pl.) subspinosus and 
since the development of intercalary plicae appears to be 
another correlate of large size (Yın, 1931), ‘P.’ Sarmerensis 
Eratıon cannot be accorded a specific distinction on this 
basıs. 


‘P.’ Oromedon vr Lorıor only differs from $. (Pl.) sub- 
spinosus by its more rounded plicae. This is almost certainly 
the result of abrasıon. 


‘P.’ lottii GemmeLLAro and Dı Brası was erected for a single 
specimen from the L. Lias resembling S$. (Pl.) subspinosus in 
its convexity and Ps. (Ps.) veyrasensis in its number of plicae 
(15). StazscHe (1926) has suggested that it may represent a 
transitional form between the two species (but see Sec- 
tion 10). 


5. STRATIGRAPHIC RANGE 


None of the small Lias pectinids with approximately 12 
plicae whose greater convexity and more angular plicae merit 
a distinction from Ps. (Ps.) veyrasensis, ıs seen from the in- 
terior. It is therefore impossible to say whether the cardinal 
erura diagnostic of Spondylopecten are present and thus 
whether the specimens in fact constitute examples of $. (Pl.) 
subspinosus. Some of the specimens are devoid of shell (e. g. 
GPIG 868-4; Pl. 3, Fig. 6) but enough with the remnants of 
plical spines (e. g. BM L30494) exist to suggest strongly that 
all are referable to $. (Pl.) subspinosus. Of these, the earliest 
specimen is from the Hettangian (GPIG). Bibliographic rec- 
ords of possibly conspecific specimens (see Section 4) also 
extend back to the Hettangian in theE. Paris Basın (TErQuEm, 
1855; TErROUEM and PıETTE, 1865; DECHASEAUX, 1936) and the 
L. Lias in Sicily (GEmMELLARO, 1878; Lentinı, 1973). How- 
ever, there can be no doubt that if it exists at all, S. (Pl.) sub- 
spinosus is a rare species before the M. Jurassic. 


Unequivocal Aalenian records are limited to one specimen 
from the Opalinum zone (BM L41933) and another from the 
Murchisonae zone (BM unnumbered) of Dorset. However, 
the species is quite common by the U. Bajocian and in suit- 
able facies (see Section 8) it is found thus in all stages to the 
U. Tithonian (Bornm, 1883; RemEs, 1903; FAURE-MARGUERIT, 
1920; Yın, 1931). 
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Text fig. 71: Spondylopecten (Plesiopecten) subspinosus - World distribution (Callovian reconstruction). 


6. GEOGRAPHIC RANGE 


In the M. and U. Jurassic $. (Pl.) subspinosus has a geog- 
raphic range extending south from Europe along the southern 
shores of Tethys to include about 50° of palaeolatitude (text 
fig. 71). 

Within Europe (text fig. 72) L. Jurassic records are scat- 
tered but widespread. However in the M. and U. Jurassic S. 
(Pl.) subspinosus is restricted to those areas which lay north of 
the Tethyan deep water zone and more locally in the U. Juras- 
sic its numbers are strongly correlated with the development 
of coral reefs (see Section 8). Nevertheless, only three speci- 
mens are recorded by Arkeıı (1935a) from apparently suita- 
ble coralliferous facies in Cambridgeshire and Yorkshire and 
this suggests that N. England marked the northern limit of 
the geographic range of S. (Pl.) subspinosus. 


7. DESCRIPTION OF ECOLOGY 


Potential early records of $. (Pl.) subspinosus (see Sections 
4, 5) from the Hettangian of Luxembourg (Terouen, 1855) 
and E. France (TERQUEM and PırTTE, 1865; DEcHasEAux, 1936) 
are derived from sandstones containing abundant gastropods 
and the bivalves Cardinia and Lima together with rarer ex- 
amples of Chlamys (Ch.) textoria, Ch. (Ch.) valoniensis, 
Pseudopecten (Ps.) equivalvis, Entolinm (E.) lunare and 


Camptonectes (C.) subulatus. 

In the U. Bajocıan (Garantiana and Parkinsoni zones) of 
Somerset and Dorset, $. (Pl.) subspinosus occurs quite com- 
monly in brown ferruginous limestones, reaching a maximum 
height of 23 mm (BM 1845528). The associated fauna is 
comprising the bivalves 


abundant and diverse, 


Pseudomonotis, Limatula, Trichites, Trigonia, ‘Ostrea’, Pro- 


Text fig. 72: Spondylopecten (Plesiopecten) subspinosus — European distribution. 
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tocardia and a variety of pholadomyoids together with tere- 
bratulid brachiopods, in- and epifaunal gastropods, infaunal 
echinoids and rare corals (RıcHarpson, 1917). 


Sediments of Aalenian/Bajocıan age in Normandy also 
contain $. (Pl.) subspinosus but the exact horizon and facies ıs 
unknown. 


Although widespread, the species does not occur com- 
monly anywhere in Europe during the Bathonian. Rare 
specimens reaching amaximum height of 27 mm are recorded 
from the Retrocostatum zone (Aspidoides zone of ArkKELL, 
1956) ofthe Mäconnais in acondensed ammonite bed (LıssaJ- 
ous, 1923). 

S. (Pl.) subspinosus occurs commonly in the condensed fer- 
ruginous oolites ofthe Macrocephalus zone (L. Callovian) ın 
S. Germany and Switzerland (Orrrı, 1858; ScHLirpe, 1888; 
STAESCHE, 1926). The maximum size attained is 21 mm 
(GPIT). Deposits of the same age in Cutch (India) are de- 
veloped as limestone/shale alternations containing common 
S. (Pl.) subspinosus in association with $. ($.) palinurus and 
the ‘coarse’ and ‘intermediate’ phenotypes of Ch. (Ch.) tex- 
toria. Elsewhere the species is rare in the Callovıan but it re- 
turns in large numbers in the Oxfordian, particularly to 
E. France and Switzerland where the stage is frequently de- 
veloped in reefal facies. $. (Pl.) subspinosus is particularly 
abundant in the U. Oxfordian of the Yonne where, in addı- 
tion to the framework of corals and Diceras, there ıs an abun- 
dant associated fauna including the coral-inhabiting S. ($.) 
palinurus, S. (S.) subpunctatus, Camptonectes (C.) virdunen- 
sıs and Radulopecten inequicostatus together with the ‘coarse’ 
phenotype of Ch. (Ch.) textorıa (Prron, 1905). However, 5. 
(Pl.) subspinosus also occurs quite commonly in the L. Ox- 
fordian of the same region which is developed as marls and 
non-reefal limestones. In similar sediments in the Transver- 
sarium zone (U. Oxfordian) of Isere it reaches a height of 
27 mm (BM L68420). 


S. (Pl.) subspinosus and other species of Spondylopecten are 
absent from the M. and U. Oxfordian reefs of the Oxford 
area yet coral/Nerinea-rich facies at a similar palaeolatitude 
(text figs. 71, 72) in Poland contain common examples of $. 
(Pl.) subspinosus together with S. ($.) palinurus, S. ($.) 
globosus, R. inequicostatus and Ch. (Ch.) textoria 
(SIEMIRADZKI, 1893). 


5. (Pl.) subspinosus is absent from Kimmeridgian coral/Di- 
ceras facıes in the Jura (e. g. ConTEjean, 1859) and is likewise 
absent from coral patch reefs of the same age at La Rochelle 
(Charente Maritime). Other reef dwelling pectinids are ex- 
tremely rare at the latter locality although the bivalve fauna is 
otherwise rich (Harıam, 1975b). 


Tithonian records of $. (Pl.) subspinosus are restricted to 
localised reefal deposits. Thus the species is found in the 
L. Tithonian of Nattheim (Frentzen, 1932) and Neuburg 
(Yamanı, 1975) ın $S. Germany; the U. Tithonian of Stram- 
berg in Czechoslovakia (BorHm, 1883; Remes, 1903), Isere 
(FAURE-MARGUERIT) and Languedoc (Yın, 1931) in S. France, 
and also undifferentiated Tithonian in S. France (Kırıan and 
Guf£gHArD, 1905) where it reaches a maximum height of 
19 mm. The associated fauna is ın all cases rich and diverse 
and dependant on the locality is made up of various combina- 
tions of the reef-dwelling pectinids mentioned above (to 


which ıs added S. ($.) cardinatus) together with Plagiostoma, 
Trichites, Gervillella, Diceras and Arctostrea, pleurotomarıd 
and nerineid gastropods, thick shelled terebratulid 
brachiopods, cidaroid echinoids, crinoids, corals and calcare- 
ous sponges. In what are otherwise faunally indistinguishable 
facies in the L. Tithonian of Sicily, S. (Pl.) subspinosus is ab- 
sent (GEMMELLARO and Di Brası, 1874; GEMMELLARO, 1875). 


8. INTERPRETATION OF ECOLOGY 


Both Hertrein (1969) and HaıLam (1976) consider Spon- 
dylopecten to be an exclusively reef-inhabiting genus. While 
in the case of $. (Pl.) subspinosus it is undoubtedly true that 
the species occurs most abundantly in reefal deposits, the data 
of Section 7 provide good evidence that for at least the pre- 
Tithonian parts of its range $. (Pl.) subspinosus was not con- 
fined to this habitat. All pre-Oxfordian records appear to be 
from faunally diverse level bottom situations, usually accom- 
panied by fairly high environmental energy. Such facies also 
contain the largest representatives of the species. The occa- 
sional presence of corals and reef-associated Chlamys and 5. 
(Spondylopecten) species might be held to indicate that $. 
(Pl.) subspinosus was derived from unexposed reefs nearby. 
However, more coral-rich horizons (e. g. Upper Coral Bed, 
U. Bajocian, S. England) containing numerous examples of 
S. (Spondylopecten) are noticeably lacking in $. (Pl.) sub- 
spinosus. Moreover, undoubted reefs, such as those of the 
U. Pliensbachian in Morocco (Dusar, 1948) and theL. Bajo- 
cian inEE. France (Haııam, 1975b) were not colonised. In the 
former case the absence of the reef-associated “coarse’ 
phenotype of Ch. (Ch.) textorıa (S. (Spondylopecten) had yet 
to arıse) could indicate that a general competitive exclusion by 
the common Psendopecten, Lithiotis and Pachyrısma, was ın 
operation. However, in the latter case no such process can be 
invoked as these forms are absent and the ‘coarse’ phenotype 
of Ch. (Ch.) textoria, a frequent associate of $. (Pl.) sub- 
spinosus at later horizons, isabundant. Nevertheless, with re- 
spect to a general synthesis of habitat range in the Bajocıan, it 
must be admitted that the absence of of $. (Spondylopecten) 
species (which also occur with the ‘coarse’ phenotype of Ch. 
(Ch.) textoria at later horizons) suggests that some special 
feature of the L. Bajocıan reefs in E. France made them un- 
favourable to Spondylopecten as a whole (see below). Even 
so, given the foregoing evidence the onus of proof must now 
pass to those who would still claim that Spondylopecten was 
an entirely reef-restricted genus. 


Reefs were first undoubtedly colonised in the Oxfordian al- 
though level bottom environments were also inhabited. Sub- 
sequently in the Tithonian, reefs apparently became the sole 
habıtat. Ihe diverse fauna of byssate (S. (Spondylopecten), 
Ch. (Ch.) textoria, Trichites, Gervillella) and cemented (Di- 
ceras, Arctostrea) bivalves attests to the abundance of hard 
substrates while the luxuriance of the coral growth indicates 
that the sea was shallow, warm, well oxygenated and of low 
turbidity. 


The absence of S. (Pl.) subspinosus from some U. Jurassic 
reefs within the latitudinal range of the species could perhaps 
be explained by their particular coral fauna and resultant 
structure. Personal examination ofthein situ L. Kimmerid- 
gian patch reefs near La Rochelle, in which other species of 


Spondylopecten are also extremely rare, reveals that they are 
dominated by sheet and dome-like masses of /sastrea and 
Thamnasteria which produce a very dense structure. (The 
sameistrueoftheL. Bajocıan reefs in E. France - see above.) 
As such they could have provided relatively few sites for the 
kind of nestling habit inferred for Spondylopecten (see Sec- 
tion 9). By contrast, at least in the L. Tithonian reef at Natt- 
heim, there is a dominance of the arborescent Thecosmilia 
(FRENTZEN, 1932) which could have afforded abundant nest- 
ling sites for S. (Pl.) subspinosus and the other common species 
of Spondylopecten. In addition to its absence at La Rochelle, 
S. (Pl.) subspinosus is, however, also lacking in the Oxfordian 
reefs around Oxford and these reefs, apparently within the 
latitudinal range of S. (Pl.) subspinosus, contain abundant 
Thecosmilia. Possibly this apparent anomaly may yet be ex- 
plained as a consequence of some overriding large-scale con- 
trol on distribution (e. g. environmental stability - see below). 
However, the presence of $. (Spondylopecten) species and 
the absence of S. (Pl.) subspinosus from theL. Tithonian reefs 
in Sıcily casts further doubt on the importance of general reef 
structure in determining the occurrence of Spondylopecten, 
and the extreme rarity of S. ($.) palinurus at Nattheim also 
suggests that forms were subject to a more specific control 
(see p. 96). Unfortunately there are no modern reef-dwelling 
morphological analogues of $. (Pl.) subspinosus to allow a 
comparison in micro-habitat preference. The pectinid fauna 
of Recent reefs appears to be dominated by Chlamys species 
of low convexity (WauLer, 1972b). 


From the foregoing one may reach the speculative conclu- 
sion that S. (Pl.) subspinosus gradually evolved from being a 
member of level bottom communities into one confined to the 
reef habitat and that within the latter there may have been a 
preference for the more open structures produced by branch- 
ing corals. Possibly some unpreserved softbodied organısm 
afforded the same niche prior to the occupation of coral reefs 
since the small convex shell would have been poorly suited to 
life on the sea floor (see Section 9). The usual occurrence of $. 
(Pl.) subspinosus in moderate numbers in a high diversity 
fauna suggests that it was an equilibrium species (LEvINToN, 
1970). 


The absence of S. (Pl.) subspinosus from fine-grained de- 
posits such as the pelagic limestones of theM. & U. Jurassic 
in the Tethyan region and the phyllosilicate clays of the Ox- 
fordian and Kimmeridgian in N. Europe suggests strongly 
thatthe species was intolerant of turbid waters and soupy sub- 
strates. While S. (Pl.) subspinosus does occur in lime- 
stone/shale (Callovıan, Cutch) and limestone/marl (L. Ox- 
fordian, Yonne) sequences, it seems highly likely that the 
species was restricted to relatively coarse-grained limestones. 


The rarity of $. (Pl.) subspinosus in the Oxfordian coral- 
liferous deposits of central and northern England (see Sec- 
tion 6) may be simply the result of atemperature dependence. 
However, Harram (1975a) has proposed a multi-component 
explanation based on stability theory (Sanpers, 1968, 1969) 
for the N/S provinciality exhibited by a variety of Jurassic 
taxa and it could thus be that the general environmental insta- 
bility resulting from shallower seas, greater seasonal fluctua- 
tions in temperature and the more frequent incidence of 
storms caused the relatively stenotopic S. (Pl.) subspinosus to 
be excluded from high latitudes. 
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9. FUNCTIONAL MORPHOLOGY 


The small adult size and relatively large byssal notch of S$. 
(Pl.) subspinosus indicate that the species could have remained 
byssate throughout ontogeny. However, the thick, strongly 
inflated shell is non-paradigmatic for a free-swinging mode of 
life and in the absence of any downward slope of the hinge line 
from posterior to anterior, the high convexity of the right 
valve renders the species poorly adapted to tight fixation on a 
single planar surface. Suitably pitted surfaces could have pro- 
vided nestling sites for the right valve but the similarıty ın 
shape and ornament of the valves suggests that both were ex- 
posed to the same environment. Thus it is proposed that S. 
(Pl.) subspinosus lived tightly fixed between two or more sur- 
faces with the ventrally directed spines gripping the substrate 
and adding to the effect of aheavy shell and byssus in provid- 
ing stability against the actions of currents, waves and pre- 
dators. Under such circumstances effective fixation could 
only have been achieved by a close matching of shell convex- 
ity to width of ‘cavity’. This might have resulted from 
either of two strategies: 


I. Developmental flexibility in convexity to suit the mic- 
ro-habitat in which the spat initially settled. 

2. Selection by the spat of micro-habitats of appropriate 
size and shape. 


Some evidence for the former ıs provided by the variation in 
convexity of S. (Pl.) subspinosus. However, it cannot yet be 
said whether this ıs a positively adaptive trait brought about 
by developmental flexibility. Some evidence for the latter 
strategy is provided by the occurrence of S. (Pl.) subspinosus 
with other Spondylopecten species, implying that selection of 
micro-habitats of species-specific size and shape prevented 
competition for space and thus allowed coexistence. In this 
respect it is worth noting that of the total of only three fea- 
tures which aid in distinguishing Spondylopecten species, one 
is convexity. Since Spondylopecten usually occurs in reefs 
there is the possibility that the growth forms of different coral 
species provided the appropriate crevices, fissures etc. for 
each species of Spondylopecten (but see p. 96). For S. (Pl.) 
subspinosus it ıs likely that some softbodied organism played 
the same role during the early part ot ıts suratigraphic range 
(see Section 8). 


Further evidence for the vital role of convexity in the Spon- 
dylopecten mode of life is provided by the impressive array of 
coadaptations which high convexity has necessitated. Depar- 
ture from the low convexity form of most pectinids raises the 
problem of interpenetrant umbones when gnomonic growth 
of the shell results in a logarithmic spiral of more than half a 
revolution (Stasek, 1963). In the apparent impossibility of in- 
terumbonal growth or lateral displacement of the umbones in 
the Pectinidae, the problem seems to have been solved in 
Spondylopecten by the development of teeth which effec- 
tively lift the hinge out of the plane of commisure and thus 
prevent umbonal fiction (text fig. 73). This has the disadvan- 
tage of tending to split the ligament upon shell closure (text 
fig. 74) thus a further adaptation, downward growth of the 
auricles towards the opposite valve, is required to maintain 
contact between the valves (Pl. 3, Figs. 4,8). 


In contrast to the above interpretation, STAESCHE (1926) 
contended that thickness, convexity, prominent plicae and 
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pecten) 


Text fig. 73: Articulation in high convexity shells (schematic). 


cardınal teeth were all strengthening adaptations to the tur- 
bulent environment of a reef. However, Stanı£y (1970) has 
shown that the most exposed of modern shores are colonised 
by relatively thin-shelled, unornamented bivalves, thereby 
implying that water movements even of a violent kind are in- 
sufficient to warrant the development of a strong shell. Simi- 
larly STAESCHE’s suggestion that the above features are 
strengthening adaptations directed against crab predation in 
the reefal environment can be ruled out because there ıs no 
evidence to suggest that this ıs any more of a problem in reets 
than ın level-bottom communities, where smooth, flat, thın- 
shelled, edentulous pectinids also occur. 


outer 
ligament 
tense _—r 


PEN CLOSED 


Text fig. 74: Schematic section of umbonal region in Spondylo- 
pecten with probable condition of outer ligament upon valve opening 
and closure. 


It is unlikely that the plicae could have added any useful 
strength and stiffness to that provided by the thick shell and it 
is more probable that they served to increase purchase upon 
the substrate (see above). 


The heavy shell, moderate to high convexity and prominent 
ornamentation render it unlikely that S. (Pl.) subspinosus 
could have been anything more than a very inefficient swim- 


mer. 


10. ORIGINS AND EVOLUTION 


On the basıs of its overall similarity, the most likely ances- 
tor for S. (Pl.) subspinosus is Pseudopecten (Ps.) veyrasensis. 
The acquisition of cardinal teeth, spinose ornament and a dif- 
ferent pattern of plical variation (10-13 cf. 12-15 plicae) by $. 
(Pl.) subspinosus cannot be attrıbuted to heterochrony acting 
upon ancestral allometries so it is likely that trans-specific 
evolution involved a profound rearrangement of the genome. 
STAESCHE (1926) considered that ‘Pecten’ lottii GEMMELLARO 
and vı Brası (see Section 4) represented a transitional stage be- 
tween Psendopecten and Spondylopecten. However, the 
species is only known from one example (from an unspecified 
horizon in the L. Lias) thus ‘P. lottiı is more reasonably to 
be thought of as an extreme variant of either $. (Pl.) sub- 
spinosus or Ps. (Ps.) veyrasensis rather than an indicator of 
gradual evolution between the species. 

There appear to be no phyletic changes within $. (Pl.) sub- 
spinosus. The range of plical varıation remains constant; forms 
with 10 and 13 plicae being known from the M. (e. g. BM 
65939 and MNO 2421) and U. (e. g. MNP S3842 and MNO 
3766) Jurassic. Apparent phyletic oscillations in maximum 
height from 23 mm (U. Bajocian) to 27 mm (U. Bathonıan) 
to 21 mm (L. Callovian) to 27 mm (U. Oxfordian) to 19 mm 
(Tithonian) could well be related to the environment (see Sec- 
tion 8). 


Subgenus SPONDYLOPECTEN s. s. 


(synonym Cardinopecten RoLLıEr 1904) 


ORIGINAL DIAGNOSIS 


(see p. 83 for the reason for the inclusion öf this section) 


‚Das interessanteste an diesen Formen ıst jedenfalls das 
Schloß, und darüber geben meine verkieselten Exemplare 


guten Aufschluß. Auf der rechten Klappe sieht man unter 
dem wenig gewölbten Wirbel eine verhältnismäßig breite 
Area, die durch die Bandgrube wie bei Spondylus gespalten 
ist. 


Neben der Bandgrube liegen unter der Area jederseits 
Zähne und zwar ist der vordere bedeutend größer, vorausge- 
setzt, daß der hintere nicht teilweise abgebrochen ist, was bei 
meinen Exemplaren immerhin möglich wäre. 


Quenstepr hebt diese Ungleichheit der Zähne jedoch auch 
für seinen Pecten globosus..., auf den ich gleich noch zu spre- 
chen komme, hervor, deshalb scheint sıe also normal zu sein. 
Der große Vorderzahn ist löffelförmig in die Höhe gekrümmt 
und zeigt auf der Area zugekehrten Seite senkrechte, parallel 
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Streifen; der Hinterzahn ist klein und undeutlich, er erhebt 
sich kaum über die Area. Außerdem ist der gerade Schloß- 
rand, vorn der Oberrand des Ohres, mit feinen senkrechten 
Kerben versehen. Von der linken Klappe besitze ıch leider 
kein ganz erhaltenes Schloß; ich habe nur die senkrechten 
Kerben auf dem Schloßrande constatiren können.‘ (relevant 
extract from description of Pecten (Spondylopecten) cf. erı- 
naceus BUVIGNIER; ROEDER, 1882) 


AMENDED DIAGNOSIS 


Spondylopecten with rounded plicae bearing 2-4 rows of 
spines. Jur. (Aalen. - U. Tithon.), Eu., Afr., Asia. 
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Text fig. 75: Spondylopecten (S.) palinurus/subpunctatus — frequency distribution for number of plicae. 


DISCUSSION 


In general form all members of $. (Spondylopecten) are 
very similar. It is possible therefore that the sub-groups iden- 
tified below could be polymorphs of the same species. 
However, with the apparent impossibility of detecting 
polymorphism in the fossil record it seems preferable to treat 
them as separate species. 


In measured museum specimens the range of plical varia- 
tion ın S. (Spondylopecten) ıs from 18-71. Within the range 
18-36 plicae there is an essentially bimodal distribution 
grouped around modes at 21 and 30/32 plicae with an inter- 
vening trough at 26 plicae (text fig. 75). Individuals in the 
former group (herein referred to S. (S.) palinurus) also seem 
to differ from those in the latter (herein referred to S. ($.) sub- 
punctatus) by their lower convexity (text figs. 77, 84) and in 
the possession of four rather than two rows of plical spines. 
The single known specimen with 26 plicae (MNP) is abraded 
but apparently originally bore four rows of spines. It is there- 
fore considered to indicate the upper limit of plical variation 
in the former group. 


Within the first group later populations differ in the mode 
and range of plical variation (text fig. 79) and in convexity 
(text fig. 77). While there can be little doubt of an ancestor- 


descendant relationship some authors would consider such 
differences worthy of a specific separation. However, apart 
from the difficulties of objectively defining the species there is 
no evidence that separate lineages existed at any one time. In 
fact there is some evidence (see p. 97) that earlier and later 
populations were linked by gradual phyletic evolution. Thus 
following the rationale adopted in this work, the earlier and 
later populations are herein considered to belong to the same 
species. Similar reasoning can be applied to the group of forms 
referred to $. ($.) subpunctatus in which later samples differ 
in the mode and range of plical varıation (text fig. 86) and ın 
convexity (text fig. 84) but in which there is no evidence for 
coexisting lineages, yet a certain amount for phyletic 
gradualism (see p. 102). 

The paucity of available museum specimens renders it dif- 
ficultto make any objective division in forms with more plicae 
than S. ($.) subpunctatus. Except where indicated, museum 
specimens with the following plical counts are only known 
singly: 42, 43 (3), 44 (3), 45, 46, 48, 51, 52, 53 (2), 54, 56, 60, 
63, 64, 71. However, foreign authors who have undoubtedly 
had access to a greater volume of material provide good evi- 
dence for a bimodal distribution in the frequency of plical 
counts. STAESCHE (1926) refers to specimens with about 45 
plicae while Yın (1931) refers to a number of specimens with 
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berween 42 and 48 plicae, thus forms within the latter range 
are considered to belong to a third S. (Spondylopecten) species, 
(S. (S.) cardinatns). Borhm (1883) records 55 specimens with 
over 60 plicae while StarscHE (1926) records numerous 
specimens with between 55 and 65 plicae, thus forms within 
the latter range, together with rare museum specimens with 
plical counts just outside this range (51, 52, 53, 54, 71) are 
considered to belong to a fourth $. (Spondylopecten) species 
(S. (S.) globosus). 


Spondylopecten (Spondylopecten) palinurus (D’ORrBıGnY 1850) 
Pl. 3, Figs. 8-14; text figs. 75 (pars), 76-81 


Synonymy 


1850 Pecten palinurus sp. nov; D’ORBIGNY, v. 1, p. 342 

(BOULE, 1925, v. 14, p. 161, pl. 20, figs. 11, 12). 

Pecten Nireus sp. nov; D’ORBIGNY, v. 2, p. 22 

(BOULE, 1929, v. 18, p. 174, pl. 20, figs. 5, 6). 

1850  Pecten Nicaeus sp. nov; D’ORBIGNY, v. 2, p. 22 
(BOULE, 1929, v. 18, p. 174, pl. 20, figs. 7, 8). 

1852 Pecten erinaceus sp. nov; BUVIGNIER, p. 23, 

pl. 19, figs. 7-12. 

Pecten symmetricus sp. nov; MORRIS ın HULL, 

p- 103, pl. 1, figs. 3, 3a-c. 

1858 Pecten subpunctatus MUNSTER; QUENSTEDT, 
p- 627, pl. 77, figs. 27-29 (non MÜNSTER sp.). 

1859 Pecten Monsbeliardensis sp. nov; CONTEJEAN, 
p- 316, pl. 23, figs. 16-18. 

1860  Pecten Nicaens D’ORBIGNY; COQUAND, p. 79. 

1862  Pecten erinaceus BUVIGNIER; THURMANN and 
ETALLON, p. 250, pl. 35, fig. 2. 

1862 Pecten araricus sp. nov; ETALLON in THURMANN 
and ETALLON, p. 251, pl. 35, fig. 3. 

1862 Pecten Monsbeliardensis CONTEJEAN; THURMANN 
and ErALLon, p. 252, pl. 35, fig. 5. 


? 1874 Pecten catulloi sp. nov; GEMMELLARO and Di 
BLası, p. 107, pl. 2, figs. 1-5. 
? 1875 Pecten catulloi GEMMELLARO and Dı Buası; 


GEMMELLARO, p. 42. 
1880 Pecten semiarticulatus sp. nov; G. MENEGHINI, 
p- 357, pl. 22, fig. 18. 
1881  Pecten cartieri sp. nov; DE LORIOL, p. 88, pl. 12, 
figs. 8-10. 
1881 Pecten erinaceus BUVIGNIER; DE LORIOL, p. 92, 
pl. 13, figs. 1,2. 
1882 Pecten (Spondylopecten) cf. erinaceus BUVIGNIER; 
ROEDER, p. 52, pl. 2, figs. 4a-c. 
1893 Pecten Cartieri DE LORIOL; SIEMIRADZKI, p. 119. 
1894 Pecten erinacens BUVIGNIER; DE LORIOL, p. 48, 
pl. 5, fig. 4. 
? 1897 Pecten Soyhierensis sp. nov; DE LORIOL, p. 128, 
pl. 15, fig. 6. 
(2?) 1899 Pecten Soyhierensis DE LORIOL; DE LORIOL, 
p- 170. 
Pecten Soyhierensis DE LORIOL; DE LORIOL, 
p- 128. 
1901 Pecten (Chlamys) Roederi sp. nov; DE LORIOL, 
p- 103, pl. 6, figs. 6, 7. 
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? 1903  Pecten subpunctatus MUNSTER; REMES, p. 203, 
pl. 19, figs. 8a-c (non MUNSTER sp.). 
(?) 1904 Pecten Soyhierensis DE LORIOL; DE LORIOL,p. 217. 


1904 Pecten subpunctatus MUNSTER; DE LORIOL, 
p-. 217, pl. 23, fig. 4 (non MUNSTER sp.). 
1905  Pecten sp; KRUMBECK, p. 104, pl. 14, figs. 2a-d. 
v 1905 Pecten erinaceus BUVIGNIER; PERON, p. 214, 
pl. 10, fig. 1. 
1907a_ Chlamys Grossonvrei sp. nov; COSSMANN, p. 239, 
pl. 8, fig. 19. 


? 1910 _ Pecten subpunctatus MUNSTER; SIMIONESCU, p. 14 
(non MUNSTER sp.). 

1912 Chlamys (Aequipecten) palinurus (D’ORBIGNY); 
COSSMANN, p. 2, pl. 1, figs. 14. 

1912 Pecten semiarticulatus G. MENEGHINI; DAL PIAZ, 
p- 246, pl. 1, figs. 15a, 15b. 

v1916  Aeguipecten symmetricus (MORRIS); PARIS and 
RICHARDSON, p. 523, pl. 44, figs. 6a, 6b. 

1925 Chlamys (Aequipecten) syriacus sp. nov; COSS- 
MANN in DOUVILLE and COSSMANN, p. 325, pl. 8, 
figs. 7a-c. 

1926 _ Chlamys erinaceus (BUVIGNIER); ROMAN, p. 196. 

? 1931 Pecten (Spondylopecten) erinaceus BUVIGNIER; 

Yın, p. 119. 

Chlamys (Aequipecten) macfadyeni sp. nov; COX, 

p. 176, pl. 23, figs. 11a, 11b. 

1936 _ Spondylopecten erinaceus (BUVIGNIER); DECHAS- 

EAUX, p. 67. 

1952  Chlamys (Spondylopecten) stoliczkai sp. nov; 

Cox, p. 15, pl. 3, figs. 14-20. 

Chlamys (Spondylopecten?) badiensis sp. nov; 

2 Cox, p. 16, pl. 1, figs. 14a, 14b. 

1958 Chlamys (Aequipecten) cf. palinurus (D’ORB- 

IGNY); R. HUDSON, p. 419. 

Chlamys (Aequipecten) syriaca COSSMANN; 

R. HUDsoN, pp. 419, 420. 

? 1959  Aequipecten kotsubu KIMURA; TAMURA, p. 58, 
pl. 6, figs. 33, 34. 

v1964  Spondylopecten grossonvrei (COSSMANN); J.-C. 
FISCHER, p. 18, pl. 1, figs. 11, 12. 

1965  Chlamys (Spondylopecten) badiensis COx; COX, 
p- 58, pl. 7, figs. 3, 4. 


v*? 1935a 


v1952 


(2) 1958 


Lectotype of Pecten palinurus D’ORBIGNY 
1850, v. 1, p. 342 designated herein; MNO 
3401; figured Bouır, 1925, pl. 20, figs. 11, 
12; Callovian, Pizieux (Sarthe). Paralecto- 
type; also MNO 3401; Callovian, Etrochey 
(Cöte d’Or). 


1. ORIGINAL DIAGNOSIS AND DESCRIPTION 


‘Espece renflee, presque ronde a 20 cötes regulieres, ap- 
laties, plus larges que les sillons, avec des indices de dents sur 
les cötes. France, Pızieux’. 


2. AMENDED DIAGNOSIS 


Distinguished from all other species of S. (Spondylopecten) 
by the number of plicae (26 or less). 


3. AMENDED DESCRIPTION 


Disc sub-orbicular at all sizes (text fig. 76), maximum 
height 62 mm (pe LorıoL, 1894). Umbonal angle very vari- 
able (text fig. 78) but increasing (at a decreasing rate) during 
ontogeny to produce concave dorsal margins. Disc flanks 
moderately high. 


Equilateral; equivalve, convexity variable, moderate to 
high, apparently increasing allometrically at a faster rate in 
earlier representatives (text fig. 77). 


Intersinal distance greater in left valve than right; moder- 


ately large juvenile byssal notch becoming relatively smaller 
during ontogeny. 
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Text fig. 76: Spondylopecten (S.) palinurus — height/length. 


Auricles well demarcated from disc, moderate in size, an- 
terior larger than posterior. Anterior auricles meeting hinge 
line at about 90°, posterior auricles meeting hinge lıne at an 
obtuse angle. Right anterior auricle meeting disc at an obtuse 
angle; remaining auricles meeting disc at an acute angle. Rıght 
anterior auricle bearing between 5 and 8 radial costae. All au- 
ricles sloping downwards from umbo towards opposite valve 
(PI. 3, Fig. 8). 
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Text fig. 77: Spondylopecten (S.) palinurus — convexity/length. 


Both valves bearing between 18 (? 16, see Section 4) and 26 
rounded radial plicae; modal number apparently increasing 
phyletically (text fig. 79); plicae slightly wider than sulci in 
right valve, converse in left valve. Plicae bearing 4 rows of 
short, closely spaced spines, directed ventrally (Pl. 3, 
Fig. 14). 

Cardinal area of right valve bearing 2 peg-shaped crura, 
anterior larger than posterior (ROEDER, 1882, pl. 2, fig. 4). 
Shell thickness moderate to high; plical amplitude reduced on 
shell interior. 
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Text fig. 78: Spondylopecten (S.) palinurus — length/umbonal an- 
gle. 
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Text fig. 79: Spondylopecten (S.) palinurus — frequency distribu- 
tions for number of plicae in Bajocıan, Oxfordian and Kimmeridgian 
specimens. 


4. DISCUSSION 


D’Orsıcny’s (1850) diagnosis for ‘Pecten’ palinurus (see 
Section 1) leaves no possibility of confusion for another 
Jurassic pectinid. Therefore, following Opinion 126 of the 
ICZN the name may be adopted for the species under discus- 
sion. BouL£ (1925) has figured one of the syntypes (MNO 
3401) and this specimen is herein designated as lectotype. The 
other (also MNO 3401) becomes ipso facto the para- 
lectotype. ‘P.’ Nireus D’OrBIGnY was separated from 
‘P.’ palinurus on the basis of ‘cötes plus simples’, presumably 
implying a lack of spinose ornament. One of the syntypes 
(MNO 4294) possesses only two rows of spines per plica but 
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this is clearly the result of abrasion (as appears to be the case in 
all the following instances where a reduced number of spine 
rows is cited) and H/L (1) and the number of plicae (23) are 
within the range of S. ($.) palinurus from the same stage (Ox- 
fordian). ‘P.’ Nicaens D’OrsıGnYy was separated on the basis 
of abnormally wide sulci. However, this feature is merely the 
result of preservation of the 6 syntypes (MNO 4295) as inter- 
nal moulds (Bourr, 1929) which has led to a reduction in plı- 
cal amplitude and an apparent increase in plical wavelength. 

The single known type of ‘P.’ symmetricus Morrıs (IGS 
8853; Pl. 3, Fig. 9) from the Bajocian has 20 plicae (2 spine 
rows) and is a typical example of S. ($.) palinurus from the 
stage. 

‘P.’ erinaceus Buvignier (3 spine rows, 22-24 plicae) and 
‘P.’ (‘Chlamys’) Roederi ve LorıoL (24 plicae), both de- 
scribed from the Oxfordian, have plical counts and metric 
proportions of their respective figures (2, 3) which are ın- 
separable from those of $. (S.) palinurus from the same stage. 
‘P.” araricus ErauLon was said to lack the spinose ornament 
of ‘P.’ erinacens but the figured specimen has clearly been 
subject to abrasion. 

The holotypes (OD) of ‘Ch.’ (“Aequipecten’) macfadyeni 
Cox (BM L61138; Pl. 3, Fig. 11) from the Oxfordian/Kim- 
meridgian of E. Africa and ‘Ch.’ (S.) stoliczkai Cox (1GS 
17281) and ‘Ch.’ (S?) badiensis Cox (BM L75245; Pl. 3, 
Fig. 12) from the Callovian of Cutch, all have their respective 
numbers of plicae (19, 20/21, 21/22) and metric proportions 
(4, 5, 6) within the total (stratigraphically undifferentiated) 
range of S. ($.) palinurus. The first and last appear to lack 
spines but may be abraded. Specimens from the Callovian of 
E. Africa referred to ‘Ch.’ ($.) badiensis by Cox (1965) ex- 
hibit the characteristic spines. The holotype of ‘Ch.’ (“Ae.') 
macfadyeni also has an abnormally small number of plicae for 
its particular stratigraphic horizon but this might well be an 
artefact of the relatively limited number of specimens for 
comparison,as is almost certainly the case for ‘?.’ sp. Krun- 
BECK, ‘P.’ Cartieri de LorıoL and ‘P.” Monsbeliardensıis 
CoNTEJEan, all of which are from the Kimmeridgian and refer 
to specimens with respectively 22, and as many as 25 and 26 
plicae. Krumseck’s specimens were compared with 
‘P.” erinaceus BuviGNIER, a synonym of $. ($.) palinurus (see 
above), while metric proportions of the figures of DE LorıoL’s 
(7) and ConrtjEan’s (8) specimens are indistinguishable from 
S. (S.) palinurus. The inclusion of ‘P.’ Soyhierensis DE LoRIoL 
(Oxfordian) within S. (S.) palinurus is more problematical 
since forms with as few as 16 plicae are cited and L/UA (9) of 
the original figure is somewhat low. However, ‘P.’ semiart- 
iculatus Menecninı (Bathonian), a species with 17 plicae and 
high L/UA (10), has the plical spine rows (albeit only 2 - see 
above) diagnostic of S. (Spondylopecten) and Daı Pıaz (1912) 
has collected a topotype specimen, the figure of which has 
metric proportions (11) which are indistinguishable from S$. 
(S.) palinurus. Ittherefore seems likely that the range of varia- 
tion in the latter species extends considerably further than that 
indicated by museum specimens alone. ‘P.’ catulloı GEMMEL- 
Laro and Di Brası (Tithonian), a species with 22 plicae known 
from only 4 specimens, may therefore by synonymous with S. 
(S.) palinurus in spite of the considerably atypical H/L, L/C 
and L/UA (12) of its original figure. 

‘Ch.’ (“Ae.’) syriacus CossmanN was said to have 30 plicae 
but the figures of the holotype (OD) reveal a maximum of 


only 21 and metric proportions (13) are within the total range 
of S. ($.) palinurus. With the possibility of misapplication of 
Cossmann’s specific name to forms which are referable to $. 
(S.) subpunctatus, unfigured records of his species inR. Hun- 
son (1958) must be treated wıth some caution. 


The figures of ‘P.’ subpunctatus MÜNSTER in QUENSTEDT 
(1858) and Remes (1903) and the descriptions in DE LorIoL 
(1904) and Sımiongscu (1910) are of specimens with respec- 
tively 25, 18-19, 24 and 22-26 plicae. All are thus outside the 
range of variation accredited to Münster’s species (see p. 98) 
and fall within the total range of S. (S.) palinurus. The speci- 
mens referred to in QUENSTEDT and DE Lorıor are also within 
the range of variation in museum specimens of $. ($.) 
palinurus from the same stage (Oxfordian). There are insuffi- 
cient museum specimens of comparable age (U. Tithonian) to 
allow an assessment of whether the same could be said of Rr- 
mes’ specimens. Those referred to in Simionescu are of inde- 
terminate age. 


‘P.’ (S.) erinaceus Buvicnier; Yın (Tithonian) was not fig- 
ured and was only distinguished from ‘P.’ (S.) globosus 
QuensteDt; Yın (= $. ($.) subpunctatus) by its possession of 
less than 30 plicae. Since this does not exclude all variants of S. 
(S.) subpunctatus Yın’s record is of uncertain status. 


Although the exact dimensions of ‘Ch.’ Grossouvrei 
Cossmann (Callovıan) are not available the strongly convex 
form with 25 plicae is unlike that of any known Jurassic pec- 
tinid other than $. (S.) palinurus. For this reason ‘Ae.’ kot- 
subu Kımura; Tamura, an inflated form with 22 plicae from 
the U. Jurassic of Japan may also be synonymous with S$. ($.) 
palinurus. It has not been possible to trace Kımura’s original 
description. 


5. STRATIGRAPHIC RANGE 


A poorly preserved specimen with 23 plicae (BM 30496) 
from the Spinatum zone (U. Pliensbachian) of Northants. 
might be an early representative of $. ($.) palinurus. How- 
ever, apart from this there are no records of the species until 
the Garantiana and Parkinsoni zones (U. Bajocıan) when, ın 
the Cotswolds, the species ıs faırly common. Elsewhere S$. 
(S.) palinurus ıs extremely rare in the U. Bajocıan. Bathonian 
records are limited to N. Italy (G. MenecHinı, 1880; Daı 
Pıaz, 1912), and Indre (Cossmann, 1907a; J.-C. FISCHER, 
1964) and Var (BM L10289) in France although numerous 
specimens are recorded in all but the lastarea. In the Callovian 
the species isonly known from occasional specimens from the 
Cöte d’Or and Sarthe in France (D’OrsıGny, 1850; CossMANN, 
1912) and Cutch in India (Cox, 1952), and from E. Africa 
(Cox, 1965), Sinai (Douvirı£ and Cossmann, 1925), S. Israel 
(R. Hupson, 1958) and Arabıa (BM L61511). In Europe $. 
(S.) palinurus reaches its acme ın the Oxfordian and Kim- 
meridgian when it is locally abundant. Certain records from 
the Tithonian are restricted to one specimen from the lower 
substage at Nattheim (BM 63059). However, specimens de- 
scribed from the L. Tithonian of Sicily (GrmmeLLaro and Di 
Brası, 1874; GEMMELLARO, 1875) and the U. Tithonian of 
S. France (Yın, 1931) and Czechoslovakıa (Rrmes, 1903) may 
well constitute further records of $. (S.) palinurus (see Sec- 
tion 4). 
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Text fig. 80: Spondylopecten (S.) palinurus — European distribution. 


6. GEOGRAPHIC RANGE 


In Europe (text fig. 80) the distribution of S. (S.) palinurus 
is intimately linked with that of coralliferous deposits (see 
Section 7). Thus the species occurs most commonly in the 
Oxfordian and Kimmeridgian of central W. Europe where 
this facies ıs particularly well developed. The lack of S. ($.) 
palinurus from coralliferous deposits in the Bathonian and 
Oxfordian of England and the Bathonian of Normandy sug- 


gests that the northward range of the species was restricted by 
temperature (however, see Section 8). 


In the Callovian the range of $. (S.) palinurus underwentan 
expansion along the southern shores of Tethys, resulting ın a 
palaeolatitudinal spread of some 50° (text fig. 81). A similar 
expansion along the northern shores is evidenced only by one 
dubious specimen from the U. Jurassic of Japan (see Sec- 
tion 4). 


Text fig. 81: Spondylopecten (S.) palinurus - World distribution (Callovian reconstruction). 


7. DESCRIPTION OF ECOLOGY 


Bivalved specimens of S$. ($.) palinurus are quite common 
in the Upper Coral Bed and its lateral equivalents in the Par- 
kinsoni zone (U. Bajocian) of the southern Cotswolds. The 
maximum height attained is 26.5 mm (BM L84516). The as- 
sociated fauna is dominated by the ‘coarse’ phenotype of Ch. 
(Ch.) textoria, Limatula, Plagiostoma, Ctenostreon and 
Trigonia together with the brachiopods Rhynchonella, 


Terebratula and Zeilleria, and the coral /sastrea (RıcHarD- 
son, 1907, 1910). S. (S.) palinurus also occurs in apparently 
non-coralliferous deposits of the Garantiana zone in the same 
area. However, the number of examples ıs small and only one 
specimen is known from non-coralliferous U. Bajocian de- 
posits elsewhere in England. The modal number of plicae in 
specimens from the substage is 20, with a range from 18-21 
(text fig. 79). 
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In the Bathonian $. ($.) palinurus occurs fairly commonly 
inN. Italy, where it reaches amaxımum height of 25 mm (G. 
Menzshinı, 1880; Daı Pıaz, 1912) and in a coral bed in Indre 
(France) where it is associated with the ‘coarse’ phenotype of 
Ch. (Ch.) textoria (Cossmann, 1907a; J.-C. Fischer, 1964). 
The range of plical variation in Bathonian $. ($.) palinurus is 
from 17 (G. MEnesHinı, 1880) to 25 (Cossmann, 1907a). 


Although widespread in the Callovian (see Sections 5, 6) S. 
(S.) palinurus is not known to be common anywhere. The 
range of plical variation in specimens from the stage is from 20 
(e. g. Cossmann, 1912) to 23 (Cox, 1965) and the maximum 
height ıs 37 mm (MNS). 


In the Oxfordian $. ($.) palinurus is very common in the 
coral/Diceras reefs of the Yonne, Meuse and Swiss and 
French Jura. In the last arca it reaches a maximum height of 
62 mm (pr Lorıor, 1894). The typical associated fauna is de- 
scribed on p. 88. The range of plical variation undoubtedly 
extends from 20-26 (mode 22) and may include forms with as 
few as 16 plicae (text-fig. 79; pe LorıoL, 1900). 

In coral/Diceras facies in the Kimmeridgian of the Jura $. 
(S.) palinurus is common and appears to reach a maxımum 
height of 35 mm (Conrtejean, 1859). There is an abundant as- 
sociated molluscan fauna of in- and epifaunal gastropods and 
bivalves (including the byssate genera Camptonectes, Ox- 
ytoma, Pinna, Arca and ‘Mytilus’) together with rhynchonel- 
lid brachiopods. Only one specimen (GPIG) is known from 
contemporaneous coral patch reef facies at La Rochelle and 
none are recorded from similar facies at Kelheim ($. Ger- 
many). The range of plical variation in Kimmeridgian $. (S.) 
palinurus ıs from 22-26 (text fig. 79; CoNTEjJEan, 1859; 
Krumgeck, 1905) with a mode of 24. 

The single undoubted Tithonian example of S. ($.) 
palinurus together with other putative records from the stage 
(see Section 5) are all from coral reef facies (fauna p. 88). 

There are no records of $. (S.) palinurus from the deep wat- 
er pelagic limestones of the peri-Mediterranean region and 
the species is very rare in siliciclastic deposits anywhere in 


Europe. 


8. INTERPRETATION OF ECOLOGY 


The data presented in Section 7 suggest very strongly that 
the occurrence of S. ($.) palinurus is dependent on the pre- 
sence of corals. Reefs appear to have constituted the most 
favourable habitat but the fact that the species oceurs in coral 
accumulations of less than reefal dimensions (Parkınsoni 
zone, S. Cotswolds; Bathonian, Indre) suggests that the par- 
ticular abundance in reefs is merely a reflection of the concen- 
tratıon of corals rather than a consequence of a preference for 
upstanding structures (cf. HErTLEIN, 1969; HaLLam, 1976; see 
pp. 83, 88). The correspondence between the areal distribu- 
tion of coralliferous deposits and that of common $. ($.) 
palinurus in the Parkinsoni zone of N. Somerset and 
Gloucestershire is striking enough to be an incentive for a 
facıes analysis of the underlying Garantiana zone deposits ın 
order to test the possibility that the examples of S. ($.) 
palinurus contained therein might be derived from laterally 
equivalent but unexposed coralliferous deposits. Similarly the 
fact that the only occurrence in the Bathonian and Callovıan 


where facies are known (Bathonıan, Indre) is from acoral bed 


containing the reef-dwelling ‘coarse’ phenotype of Ch. (Ch.) 
textoria should be an impetus for analyses of the sediments 
and fauna of the other horizons containing S. (S.) palinurus ın 
these stages. 

In spite of the apparent dependence on corals by no means 
all coralliferous horizons within the stratigraphic range of S. 
(S.) palinurus were colonised abundantly. The fact that dur- 
ing the Kimmeridgian coral patch reefs at the southerly 
latitudes of La Rochelle and Kelheim were only colonised 
very rarely or not at all,while during the Bajocian coralliferous 
deposits in England were occupied in numbers, suggests that 
the complete absence of $. ($.) palinurus from Bathonian 
coral patch reefs in Normandy and England and similar facıes 
in the Oxfordian of England cannot be the result of a simple 
temperature dependence (see p. 95) or even ofa more general 
intolerance of relatively unstable environments (see p. 89). In 
certain of the above cases the lack of S. (S.) palinurus could be 
a consequence of the particular coral fauna of the reefs and 
their resultant dense structure, an explanation advanced for 
the absence or rarity of S. (Pl.) subspinosus (see p. 88). How- 
ever, the Oxfordian reefs of England do not seem to have had 
an especially dense structure (see p. 89). Evidence from the 
L. Tithonian reef at Nattheim, where $. ($.) palinurus is ex- 
tremelv rare but $. (Pl.) subspinosus ıs abundant, suggests a 
more specific control on distribution. For an alternative ex- 
planation one might invoke the possibility (see p. 89) of a 
commensal relationship between particular coral species and 
each of $. (Pl.) subspinosus and S. (S.) palinurus, and infer the 
absence of the relevant corals from the reefs lacking these 
Spondylopecten species. However, such an explanation suf- 
fers generally from the lack of any direct evidence for com- 
mensalism and specifically, in the case of $. ($.) palinurus, 
from the fact that in the Nattheim reef the latter species ıs 
very rare although coral diversity is high, 64 species being 
cited by Geyer (1954). It must therefore be admitted that no 
unified theory can yet be proposed to account for the incon- 
sistent distribution of S. (Pl.) subspinosus and $. ($.) 
palinurus in coralliferous facies (see p. 101). 

The overall rarity of S. ($.) palinurus in the M. Jurassic of 
Europe as a whole can be viewed as a consequence of the 
localised development of coralliferous deposits. The very 
widespread development of argillaceous facies in the Cal- 
lovian, produeing unfavourable conditions for coral growth, 
may well have prompted the migration of $. (S.) palinurus 
outside Europe along the southern shores of Tethys (see Sec- 
tion 6). 


The usual occurrence of S. ($.) palinurus in moderate num- 
bers with a high diversity fauna indicates that it was an 
equilibrium species (Levinton, 1970). Presumably stenotopy 
was developed to a high enough degree to prevent competi- 
tion with the other species of Spondylopecten with which it 


frequently oceurs. 


9. FUNCTIONAL MORPHOLOGY 


In the absence of more precise ecological data for $. (S.) 
palinurus little can be added to the general interpretation of 
functional morphology in Spondylopecten presented for the 
essentially similar species $. (Pl.) subspinosus (see p. 89). A 
‘wedged’ mode of life is further evidenced by the great varia- 
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tion in convexity in S. (S.) palınurus. However, as for $. (Pl.) 
subspinosus it cannot yet be said definitely that this is a posı- 
tively adaptive feature brought about by developmental flexi- 
bility (however, see below). 


The moderately large maximum height of S. (S.) palinurus 
(H: 62) is near the upper limit for byssally attached Recent 
pectinids. The largest byssate but otherwise unsupported 
species from the coral reef fauna of Eniwetok Atoll (Gloripal- 
hium pallium) vreaches a maximum height of 85 mm. How- 
ever, this and other pendent or tightly byssate species rarely 
exceed a height of 75 mm (Warter, 1972b). It therefore seems 
likely that large specimens of S. (S.) palinurus gained support, 
additional to that provided by the byssus, through contact 
with the substrate, as inferred independently above. 


The moderate to high convexity and shell thickness in S. 
(S.) palinurus suggest that at best ıt could only have been a 
very inefficient swimmer. 


The apparent phyletic increase in the number of plicae may 
be interpreted mechanically when considered in conjunction 
with phyletic decrease in convexity and increase in height (see 
Section 10). The latter requires relatively large amounts of 
CaCO; to be secreted when growth is based on a tight 
logarıthmic spiral as in S. ($.) palinurus. A decrease in the 
spiral angle and hence in convexity thus represents a more 
bioeconomical basıs for height increase. However, it must also 
entail a weakening of the shell so an increase in the number ot 
plicae can be viewed as an attempt to strengthen and stiffen the 
shell by effectively shortening the wavelength of the corruga- 
tions. Such an interpretation requires however that the in- 
creased strength and stiffness contribute significantly to the 
fitness of the anımal as a whole. This must be considered 
doubtful in $. (S.) palinurus since the thickness of the shell 
would appear to provide adequate protection against all but 
the most extreme stresses. Nevertheless, the impression 
gained by the author that the varıation in convexity and 
number of plicae is positively correlated at any one horizon 
indicates that there ıs at least some functional interdependence 
and suggests moreover that $. ($.) palinurus is developmen- 
tally flexible (see above). 


10. ORIGINS AND EVOLUTION 


If the very doubtful record of $. ($.) palinurus in the 
U. Pliensbachian is discounted, 5. ($.) subpunctatus becomes 
the most likely ancestor for the species (although see p. 101). 
There is no evidence to suggest that the evolution of a separate 
pattern of plical variation occurred gradually. 

There appear to be several phyletic trends within S. ($.) 
palinurus. Maximum height increases, presumably gradually, 
from 26.5 mm (U. Bajocian) to 37 mm (Callovian) to 62 mm 
(Oxfordian). The reversal of this trend in the Kimmeridgian 
(Haax: 35) could well be an artefact of the relatively limited 
number of specimens from the stage measured by the author. 
The pronounced phyletic increase in the mean number of 
plicae indicated by text fig. 79 might also be an artefact of the 
more general paucity of measured museum specimens since 
bibliographic sources (see Section 4) suggest a far less consis- 
tent trend. Nevertheless, specimens mentioned in the litera- 
ture do not refute the gradual unidirectional trend in the 
modal number of plicae indicated by text fig. 79. Indeed the 
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15 or so specimens collected by Cox (1952) from the Cal- 
lovian of Cutch which were said to have a range of between 20 
and 22 plicae (exactly between the Bajocıan and Oxfordian 
modes) provide positive evidence for such a trend. Only one 
of the other Callovian records (Cox, 1965 for two specimens 
with 23 plicae) refers to specimens with plıcal counts outside 
the latter range. 

A further phyletic trend is towards decreased convexity. 
However, unlike the above cases there ıs little reason to think 
that evolution occurred gradually. Most Callovian, Oxford- 
ian and Kimmeridgian specimens have lower C/L ratios than 
their Bajocian ancestors (text fig. 77). Since relative convexity 
appears to increase during the ontogeny of the latter there is 
the possibility that descendant forms could have arısen by 
neoteny. However, heterochrony cannot account for the 
periodic phyletic increases in the ranges of plical varıation 
constituted by specimens mentioned in the literature together 
with those in museums (Bajocian, 18-21; Bathonian, 17-25; 
Callovian, 20-23; Oxfordian, 20-26; Kimmeridgian, 22-26) 
thus phyletic evolution in $. (S.) palinurus may generally 
have been a product of change in the structural rather than the 
regulatory genome. 


Phyletic increase in maximum height combined with 
stenotopy and a possibility of neoteny suggests the prevalence 
of ‘K’ selection for increased trophic efficiency (Gouıp, 
1977). 


Spondylopecten (Spondylopecten) subpunctatus 
(Münster 1833) 


Pl. 3, Figs. 15-19; text figs. 75 (pars), 82-86 


Synonymy 


Pecten subpunctatus sp. nov; MÜNSTER in GOLD- 

FUSS, p. 48, pl. 90, figs. 13a, 13b. 

1843  Pecten subpunctatus MUNSTER; QUENSTEDT, 

p. 433. 

Pecten globosus sp. nov; QUENSTEDT, p. 476. 

1850 Pecten subpunctatus MÜNSTER;D’ORBIGNY, v. 1, 
p-374. 

1852 Pecten Moreanus sp. nov; BUVIGNIER, p. 24, 
pl. 19, figs. 18-20. 

1852 Pecten globosus QUENSTEDT; QUENSTEDT, p. 507, 

pl. 40, fig. 45, (non fig. 46; non QUENSTEDT sp.). 


non 1858 Pecten subpunctatus MÜNSTER; QQUENSTEDT, 
p- 627, pl. 77, figs. 27-29. 
v” 1858 Pecten aequatus sp. nov; (QUENSTEDT, p. 755, 


pl. 92, fig. 12. 

1858 Pecten globosus QUENSTEDT; QUENSTEDT, pl. 78, 
fig. 2 (non pl. 92, fig. 20; non QUENSTEDT sp.). 

1862  Pecten Globosus (QUENSTEDT; THURMANN and 
ETALLON, p. 250. 

1866  Pecten subpunctatus MÜNSTER; OPPEL, p. 289. 

1867 Pecten globosus QUENSTEDT; DE LORIOL, p. 335, 
pl. 13, fig. 3 (non QUENSTEDT sp.). 

1867 Pecten Rochatı sp. nov; DE LORIOL, p. 336, pl. 13, 
figs. 1,2. 

1874  Pecten arotoplicus sp. nov; GEMMELLARO and Di 
BLası, p. 104, pl. 2, figs. 6-10. 

1875 Pecten arotoplicus GEMMELLARO and Di BLası; 
GEMMELLARO, p. 41. 

188la Pecten aegnatus QUENSTEDT; BOEHM, p. 183. 

1881b  Pecten aeguatus QUENSTEDT; BOEHM, p. 72. 

v 1883 Pecten arotoplicus GEMMELLARO and Dı BLası; 

BOEHM, p. 609, pl. 67, figs. 34, 35. 
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? 1886a  Pecten erpus sp. nov; DE GREGORIO, p. 670, pl.1, 
fig. 8. 
? 1893 _ Pecten globosa QUENSTEDT; SIEMIRADZKI, p. 119. 


1894  Pecten Moreanus BUVIGNIER; DE LORIOL, p. 40, 
pl. 4, fig. 12. 

1898 _ Pecten globosus QUENSTEDT; E. PHILIPPI, p. 620, 

text figs. 6, 7 (non QUENSTEDT sp.). 

Pecten (Chlamys) erpus DE GREGORIO; GRECO, 

p. 110, pl. 8, figs. 32, 33. 

1903  Pecten arotoplicatus GEMMELLARO and Dı BLası; 
REMES, p. 202. 

1903  Pecten Rochati DE LORIOL; REMES, p. 202, pl. 19, 
figs. 5a-c. 

1903  Pecten Gemmellaroi sp. nov; REMES, p. 202, 

pl. 19, figs. 7a-c. 

Pecten subpunctatus MÜNSTER; REMES, p. 203, 

pl. 19, figs. 8a-c. 

1903  Pecten (Spondylopecten) globosus QUENSTEDT; 
REMES, p. 205 (non QUENSTEDT sp.). 


non 1903 


non 1904  Pecten subpunctatus MÜNSTER; DE LORIOL, p. 217, 
pl. 23, fig. 4. 
v 1905 Pecten moreanus BUVIGNIER; PERON, p. 213. 


1905 Pecten palmyrensis sp. nov; KRUMBECK, p. 102, 
pl. 3, figs. 8a, 8b. 


?1905  Pecten (Chlamys) globosus QUENSTEDT; KILIAN 
and GUEBHARD, p. 817. 
non 1910 Pecten subpunctatus MUNSTER; SIMIONESCU, 
p- 14. 
1910 Pecten moreanus BUVIGNIER: SIMIONESCU, p. 14, 
pl. 2, fig. 6. 


1913 Pecten globosus QUENSTEDT; JOUKOWSKY and 
FAVRE, p. 400, pl. 17, figs. 3-6 (non QUENSTEDT 
SP.)- 

1920  Pecten aratoplicus GEMMELLARO and Di Brası; 
FAURE-MARGUERIT, p. 58. 

1920  Pecten (Spondylopecten) globosus QUENSTEDT; 

FAURE-MARGUERIT, p. 60, (non QUENSTEDT sp.). 

Spondylopecten subpunctatus (MUNSTER); 

STAESCHE, p. 109, pl. 4, fig. 10. 

1926 _ Spondylopecten aequatus (QUENSTEDT); STAESCHE, 
p. 112. 

1931 Pecten (Spondylopecten) globosus QUENSTEDT; 

Yın, p. 118, pl. 12, figs. 3-6 (non QUENSTEDT sp.). 

Pecten (Spondylopecten) erinaceus BUVIGNIER; 

Yın, p. 119 (non BUVIGNIER sp.). 
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?1931  Pecten aff. subpunctatus MÜNSTER; YIN, p. 122. 
1936 _ Spondylopecten moreanus (BUVIGNIER); DECHAS- 
EAUX, p. 67. 
Spondylopecten globosus (QUENSTEDT); HÖLDER 
and ZIEGLER, p. 165. 
1966  Spondylopecten aequatus (QUENSTEDT); KARVE- 
CORVINUS, p. 115. 
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() 1971 Chlamys cf. erpus (DE GREGORIO); WENDT, 
p- 156. 
v1975 _ Spondylopecten aequatus (QUENSTEDT); YAMANI, 
p- 64, pl. 3, fig. 10. 
v" 1975 _ Spondylopecten proumbonatus sp. nov; YAMANI, 


p- 64, pl. 3, figs. 11, 12. 


Lectotype of Pecten subpunctatus MUNSTER 
in Goıpruss 1833, p. 48, pl. 90, fig. 13 
designated herein; BSPHG AS VII 627; Pl. 3, 
Fig. 15 herein; Weisser Jura ß (Oxfordian), 
Streitberg (Franconia). Paralectotypes; the 9 
other syntypes (BSPHG); also Weisser Juraß, 
Streitberg. 


1. ORIGINAL DIAGNOSIS AND DESCRIPTION 


‘Pecten testa suborbiculari fornicata, costis crebris convexis 
marginalibus muricatus, sulcis angusti, oribus in fundo plano 
profunde transversim striatis, auriculis aequalibus. 


E montibus Baruthinis M. M. 


Dieser kleine Pectinit findet sich bei Streitberg. Er ist hoch 
gewölbt, gleichklappig, fast kreisrund, und hat zahlreiche, 
convexe, gleichförmige Rippen, auf deren Rücken man bei 
der Vergrößerung stachelförmige Lamellen bemerkt. Die 
Zwischenfurchen sind concentrisch liniert, so daß sie ein 
punktiertes Ansehen haben, und die Ohren klein und gleich- 
förmig.’ 


2. AMENDED DIAGNOSIS 


Distinguished from all other species of $. (Spondylopecten) 
by the number of plicae (27-36 or 37, see Section 4). 
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Text fig. 82: Spondylopecten (S.) subpunctatus — European distribution. 
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3. AMENDED DESCRIPTION 


Essentially similar to $. ($.) palinurus. Differing by the 
diagnostic larger number of plicae (see Section 2) whose range 
and mode apparently oscillates phyletically (text fig. 86), by 
the evident possession of only 2 plical spine rows,and by the 
higher relative convexity (text fig. 84) of contemporaneous 
Oxfordian specimens and the lower relative convexity of 
Tithonian forms of $. (S.) subpunctatus in comparison with 
examples of 5. (S.) palinurus from any horizon. Unlike $. ($.) 
palınurus, S. (S.) subpunctatus also exhibits phyletic reduc- 
tion in L/UA (text fig. 85) although this could be more appar- 
ent than real (see Section 9). 


H/L is plotted in text fig. 83. The maximum height is 
58 mm (GEMMELLARO and Dı Bıası, 1874). 
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Text fig. 84: Spondylopecten (S.) subpunctatus — convexity/length. 


4. DISCUSSION 


The syntype series of ‘P.’ subpunctatus Munster (BSPHG) 
consists of a number of specimens from sponge-limestone 
facies, all less than 10 mm in height and with approximately 
30 plicae. STAESCHE (1926) considered such specimens to be 
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specifically separable from juveniles of a similarly plicate 
form, Spondylopecten aeguatus (QUENSTEDT), from coral reef 
facıes, on the basıs of the flat tops to the plicae. However, 

this feature together with a relatively large umbonal angle (1) 

can be plausibly interpreted as an aspect of ecophenotypic 

variation (see Section 8) and is therefore no basis for a specific 

distinction. Thus, on grounds of historical precedence 

Münster’s specific name is applied to the species described in 

Section 3 and a lectotype (BSPHG AS VII 627; Pl. 3, Fig. 15) 

is herein designated. Those specimens incorrectly referred to 

MünsTEr’s species in QUENSTEDT (1858), REmEs (1903), DF 

Lorıoı (1904) and Sımiongscu (1910) are discussed on p. 94. 
The two specimens said by Yın (1931) to have affınities with 

Münster’s species are of uncertain status since they were not 

illustrated and were described only as having numerous ribs. 

Specimens referred by Yın to ‘P.’ (Spondylopecten) erina- 

ceus BuviGnIer were described with similar imprecision and 

may be referable to either S. ($.) subpunctatus or $. (S.) 

palinurus (q. v.). 


QUENSTEDT’s specific name ‘P.” globosus has been variously 
employed in the literature (discussion p. 104) on account of the 
vagueness of the original description (1843) and the fact that 
the name was subsequently applied by Quensteor (1852, 
1858) to illustrations of both a specimen with about 60 plicae 
and a specimen with about 30 plicae. The latter is indistin- 
guishable from $. ($.) subpunctatus, as are specimens from the 
Oxfordian with 32 plicae referred to QUENSTEDT’s species by 
THURManN and Erarıon (1862) and specimens from the 
Tithonian with 32, 30, 30, 32, 30-35 and 34 plicae referred to 
QUENSTEDT’s species by, respectively, DE LorıoL (1867), 
PHıLıppı (1898), Remes (1903), Joukowsky and Favre (1913), 
FAURE-MARGUERIT (1920) and Yın (1931). Specimens referred 
to QUENSTEDT’s species by Sıemirapzkı (1893), Kılıan and 
Gu£sHarD (1905) and HöLner and ZıeGLer (1959) are of un- 
certain status because the number of plicae was not stated. 


The sole observed type (GPIT 4-92-12; Pl. 3, Fig. 17) of 
‘P.’ aequatus (QuENSTEDT (Kimmeridgian) and the holotype 
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(OD; BSPHG 1957 II 329; Pl. 3, Fig. 18) of S. pro- 
umbonatus Yamanı (Tithonian) have respective numbers of 
plicae (28, 31) and metric proportions (2, 3) that are indisting- 
uishable from those of $. ($.) subpunctatus from comparable 
horizons. Similarly the plical counts and metrie proportions 
(32-34; 4) supplied by Buvicnier (1852) for ‘P.’ Moreanus 
(Oxfordian) and derived from the figures of ‘P.’ Gemmel- 
laroı Remes (Tithonian; 35; 5) and ‘P.’ Palmyrensis Krun- 
Beck (Kimmeridgian; 28; 6) are inseparable from those of $. 
(S.) subpunctatus from the appropriate horizon. 

‘P.” arotoplicus GEmmeLLAaro and Di Brası (Tithonian) has a 
plical count (32) within the range of S. ($.) subpunctatus from 
the same stage and the large umbonal angle (95°) cited by the 
authors appears to be nothing more than a consequence of 
large size since L/UA (7) is within the range of projected 
Tithonian ontogenies. ‘P.’ Rochati ve Lorıor, also from the 
Tithonian, has metric proportions (8) of the single known 
specimen which are indistinguishable from those of S. ($.) 
subpunctatus from the same stage. It therefore seems ex- 
tremely likely that the abnormally large number of plicae (37) 
represents extreme varliation within S. ($.) subpunctatus. 

‘P. erpus De GrEGoRIO was erected for a specimen from 
the Aalenian of Sicily whose number of plicae (28) and high 
convexity suggest strongly that it is conspecific with S. ($.) 
subpunctatus. Greco (1898) has figured a further specimen 
with 32 plicae from the Aalenian of Calabria under the same 
specific name. 


5. STRATIGRAPHIC RANGE 


Assuming that ‘P.’ erpus is synonymous with S. ($.) sub- 
punctatus (see Section 4) the earliest records of the latter 
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Text fig. 86: Spondylopecten (S.) subpunctatus — frequency distri- 
butions for number of plicae in Oxfordian, Kimmeridgian and Titho- 
nıan specimens. 


species are from the Opalinum zone of Calabrıa (Greco, 
1898) and the Murchisonae zone of Sıcily (DE GREGORIO, 
1886a). WenpT (1971) considers that DE GREGORIO’S species 
ranges into the U. Bajocıan in the latter area. Otherwise S. 
(S.) subpunctatus is unknown before the Oxfordian,when it ıs 
locally abundant. It is found thus until the U. Tithonian 
(BoeHm, 1883; Remes, 1903; FAURE-MARGUERIT, 1920; Yın, 
1931). The lack of Bathonian and Callovian records and the 
consequent doubt that this attaches to the systematic position 
of ‘P.” erpus could well be due to the rarity of the favoured 
reefal facıes in Europe (see Sections 7, 8). 


6. GEOGRAPHIC RANGE 


The distribution of $. ($.) subpunctatus within Europe 
(text fig. 82) is intimately linked with that of reefal deposits 
(see Sections 7, 8). Thus during its acme in the U. Jurassic the 
species occurs most abundantly in$. Europe where this facies 
is particularly well developed. The only record outside 
Europe is from Kimmeridgian coral-bearing limestones in the 
Lebanon (Krumseck, 1905). 


The absence of S. ($.) subpunctatus from reefal deposits ın 
the Oxfordian of England may indicate that latitudinal temp- 
erature changes played some part in controlling the distribu- 
tion of the species (however, see Section 8). 


The absence of S. ($.) subpunctatus from L. Bajocian coral 
reefs in E. France need not affect the taxonomic status of 
roughly contemporaneous specimens referred to ‘P.’ erpus 
from S. Italy and Sicily (see Sections 4, 5). The latter areas 
probably lay near the south side of Tethys thus it could be that 
S. ($.) subpunctatus arose in that region and had insufficient 
time to spread to more northerly latitudes before the L. Bajo- 
cian. In any case there are some grounds for thinking (see p. 
89) that reefs with a structure such as that of the L. Bajocıan 
reefs in E. France may have constituted an unfavourable en- 
vironment for Spondylopecten. 


7. DESCRIPTION OF ECOLOGY 


The putative early records of $. ($.) subpunctatus from the 
Aalenian and Bajocian of Sicily (see Section 5) are from con- 
densed deposits probably formed on a guyot within the 
Tethyan ocean. Occasional intercalations of coral debris sug- 
gest that reefs were periodically developed nearby (WEnpr, 
1963, 1971). 


The species occurs abundantly in the Oxfordian coral reefs 
ofthe Yonne (Prron, 1905) and Swiss Jura (DE Lorıoı, 1894) 
in association with the fauna described on p. 88. The max- 
imum height of Oxfordian $. ($.) subpunctatus ıs 32 mm 
(MNS) and the range of plical variation (text fig. 86) is from 
29-35 (mode: 32). 

Sponge ‘reef” facies in the Oxfordian and Kimmeridgian of 
S. Germany contain numerous $. ($.) subpunctatus but the 
adult height is rarely more than 5-7 mm (STarscHE, 1926). 
The plicae are also flat-topped and the L/UA ratio (1) is typi- 
cally low compared to specimens from coral reefs. Examples 
from the latter facies in the Kimmeridgian at Kelheim 
(S. Germany) reach a maximum height of 35 mm (GPIT) and 
are associated with a rich bivalve fauna (Borhwm, 1881a, b) 
while those from sponge ‘reef’ facies are typically associated 


with alow diversity/density bivalve fauna in which /soarca is 
the only form to occur in numbers (NırzorouLos, 1974). S. 
(S.) palinurus seems to be absent from the Kelheim reef but it 
is common in coral/Diceras facıes in the Kımmeridgian of the 
Jura where S. ($.) subpunctatus ıs unknown. The latter is also 
absent from contemporaneous coral reefs at La Rochelle but 
S. (S.) palinurus ıs in addition extremely rare. 


The range of plical variation in Kimmeridgian S. ($.) sub- 
punctatus ıs from 27-31 (text fig. 86) and forms from reefal 
facies seem to have a relatively high L/UA (text fig. 85) and 
C/L (text fig. 84) compared to their Oxfordıan counterparts. 


In the Tithonian $. ($.) subpunctatus occurs, often in 
abundance, in the coral reefs of Languedoc (Yın, 1931) and 
Isere (FAURE-MARGUERIT, 1920) in S. France, Geneva in Switz- 
erland (DE LorıoL, 1867) Arnegg, Neuberg, Nattheim, Sir- 
chingen and Wittlingen in S. Germany (GPIT; StAzsche, 
1926; Yamanı, 1975), Stramberg in Czechoslovakia (BoEHnm, 
1883; Remes, 1903) and near Palermo in Sicily (GEmMELLARO 
and vı Brası, 1874; GEMMELLARO, 1875) where the species 
reaches amaxımum height of 58 mm. The range of plical varı- 
ation is from 30-37 with amode of 35 (text fig. 86; De LoRIOL, 
1867) and L/UA (text fig. 85) and C/L (text fig. 84) are large 
compared to Kimmeridgian and Oxfordian forms. The typi- 
cal associated fauna is described on p- 88. S. ($.) palinurus 
is only known to be an associate at Nattheim and there very 
rarely. However, itmay also be present in Sicily, Provence and 
Czechoslovakia (see p. 94). 


Apart from the occurrences discussed above S$. ($.) sub- 
punctatus is a rare species and none of the other definite rec- 
ords (see Synonymy) are unrelated to the development of 
reefal facies. 


8. INTERPRETATION OF ECOLOGY 


5. (S.) subpunctatus is an exemplar of the standard view 
(HERTLEIN 1969; Harıam, 1976) that Spondylopecten ıs a reef- 
restricted genus. There is no evidence that anything other 
than reefs were colonised during the U. Jurassic acme of $. 
(S.) subpunctatus thus the absence of the species from such 
minor coral stands as were colonised by the less restricted $. 
(S.) palinurus inthe M. Jurassic of Europe need not be con- 
strued as evidence against the view that “P.’ erpus is 
synonymous with S. ($.) subpunctatus (see Section 4). The 
absence of $. ($.) subpunctatus from genuine coral reefs in the 
L. Bajocian ofE. France can be explained plausibly in several 
ways (see Section 6) while the general absence of the species 
from other bioherms in the M. Jurassic of Europe (see Sec- 
tion 5) could be due to their small sıze and scattered distribu- 
tion. 


Although a temperature dependence might account for the 
absence of S. ($.) subpunctatus from some U. Jurassic reefs 
(see Section 6) the inconsistent distribution in reefs of the 
same palaeolatitude argues against the general applicability of 
such an explanation. The abundance of other Spondylopecten 
species in some of the reefs lacking S. ($.) subpunctatus rules 
outan appeal to the unsuitability of the general reef structure 
(see p. 88) while an explanation in terms of a specific commen- 
sal relationship (see p. 96) is excluded by the evidence that S. 
(S.) subpunctatus used both corals and sponges as host. The 
inverse correlation in numbers with S. (S.) palinurus at cer- 
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tain localities in the Kimmeridgian and Tithonian suggests a 
further possible explanation for the irregular distribution of 
S. ($.) subpunctatus in the form of competition. However, 
the co-occurrence of the two species in large numbers in the 
Oxfordian (and probably at some localities in the Tithonian) 
argues against this hypothesis. In any case, if Spondylopecten 
species occupied different microhabitats (see p. 89) it seems 
unlikely that they would have competed. . 


The small size, low L/UA and flattened plicae of S. ($.) 
subpunctatus in sponge ‘reef’ compared to coral reef facies can 
be attributed to stunting (see p. 99). Retardation ofthe rate of 
sıze (L) increase while shape (UA) development maintained 
the same rate would result in small absolute size and low 
L/UA,and the small size for any given age would cause in- 
creased abrasion by the substrate of a standard area of shell 
surface and could thus be expected to lead to relatively flat- 
tened plicae. The small size of the associated faunal elements is 
further suggestive of the occurrence of stunting although an 
analysis of growth lines is required to substantiate the 
hypothesis. Since NırzorouLos (1974) estimates the depth of 
the sponge ‘reefs’ to have been between 50 and 100 m (com- 
pared with amaximum of a few tens of metres for coral reefs) 
an attractive explanation for stunting is available in terms of 
the reduced food supply characteristic of greater depths (Füur- 
sıch and Hurst, 1974). 


9. FUNCTIONAL MORPHOLOGY 


As for S. (S.) palinurus little can be added to the general in- 
terpretation of functional morphology in Spondylopecten 
presented on p. 89. Variation in convexity provides support 
for the inference of a ‘wedged’ mode of life and the higher 
convexity of $. ($.) subpunctatus compared to S$. ($.) 
palınurus in contemporary populations implies that the 
former species occupied crevices, fissures etc. of a larger size. 

Phyletic decrease in relative convexity might be explained 
as a bioeconomical correlate of increased size, as has been 
suggested for S. ($.) palinurus (but see Section 10). However, 
unlike the latter species there is no compensatory directional 
change in the strength and stiffness provided by shell or- 
namentation, since the mode and range of plical variation 
seems to oscillate at random. It is the author’s impression, 
nevertheless, that there ıs a positive correlation between con- 
vexity and number of plicae at any one horizon so at least 
some mechanical interdependence is implied, which may in 
turn be related to phyletic size change. 


The apparent phyletic decrease in relative umbonal angle 
receives no obvious mechanical explanation and may simply 
be an artefact of the measuring technique superimposed on 
the ‘proumbonate’ form (Yamanı, 1975) of later populations. 


The maximum height of 58 mm is within the size range of 
“unsupported’ bysally attached Recent pectinids (see p. 97) 
thus S. (S.) subpunctatus was probably byssate throughout 
ontogeny. The inflated form suggests that if it did ever unat- 
tach itself S. (S.) subpunctatus could only have been a very 
poor swimmer. 


10. ORIGINS AND EVOLUTION 


lt 5. ($.) subpunctatus arose after the Bajocian it is most 
reasonable to conclude that S. (S.) palinurus was the ancestor 
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rather than vice versa as suggested on p. 97). However, if, as 
seems very probable (see Section 5, 7, 8), S. (S.) subpunc- 
tatus arose in the Aalenian no ancestor is available within the 
same subgenus. There is no particular reason for concluding 
that S. (Plesiopecten) subspinosus must be the ancestor (see p. 
83) and indeed on gross morphological grounds it would seem 
likely that $. ($.) subpunctatus arose from a quite separate 
stock. The first apparent occurrence of the species (Aalenian; 
S. Italy, Sicily), outside what subsequently became the main 
geographic range, provides evidence for such a view and also 
supports the “allopatric’ model of speciation. 


S. ($.) subpunctatus exhibits some evidence for gradual 
phyletic evolution. Maximum height increases from 32 mm 
(Oxfordian) to 35 mm (Rimmeridgian) to 58 mm (Tithonian) 
and within the limits of the available data there appears to be a 
similar increase through this interval in L/C and L/UA (al- 
though see Section 9) of specimens from coral reef facies. 
Since both L/C and L/UA seem to increase allometrically in 
ancestral (Oxfordian) populations descendant forms may 
have arısen by the acceleration of shape development with re- 
spect to sıze. However, heterochrony cannot account for the 
periodic phyletic additions to the range of plical variation 
(Oxfordian 29-35, Kimmeridgian 27-31, Tithonian 30-36) so 
both structural and regulatory genome evolution is implied. 


Size increase and stenotopy are suggestive of ‘K’ selection 
in the evolution of $. ($.) subpunctatus. The possible occur- 
rence of acceleration is however more suggestive of ‘r’ selec- 
tion (GouLp, 1977). 


Phyletic reduction in relative convexity at least after the 
Kimmeridgian might have been allowed by the vacation of the 
appropriate niche through the decline of the relatively low 
convexity species S. ($.) palinurus. The mean C/L of Tithon- 
ian $. ($.) subpunctatus is however considerably lower than 
that of S. (S.) palinurus at any time and besides the decline in 
5. ($.) palinurus may be more apparent than real (see p. 94). 
An alternative explanation for the reduction in convexity is 
suggested in Section 9. 


Spondylopecten (Spondylopecten) cardinatus 
(QUENSTEDT 1858) 


Pl. 3, Figs. 20, 21; text fig. 87 


Synonymy 


1858  Pecten cardınatus sp. nov; QUENSTEDT, p. 627, 
pl. 78, fig. 1. 
Pecten spinicostatnus sp. nov; WHIDBORNE, p. 502, 
pl. 15, figs. 14, 14a 
1916  Aequipecten spinicostatus (WHIDBORNE); PARIS 
and RICHARDSON, p. 522. 
1926  Spondylopecten 
STAESCHE, p. 110. 
p 1931 _ Pecten cordiformis GEMMELLARO and Di BLası; 
Yın, p. 119, pl. 12, fig. 7, pl. 13, fig. 7 (non 
GEMMELLARO and DI BLASI sp.). 


cardinatus (QUENSTEDT); 


No trace of the type material of Pecten 
cardinatus QUENSTEDT 1858, p. 627, pl. 78, 
fig. 1 has yet been found in the QUENSTEDT 
Collection (GPIT). The figured specimen 
was derived from the Weisser Jura y (Kim- 
meridgian) of Heuburg, S. Germany. 


1. ORIGINAL DIAGNOSIS AND DESCRIPTION 


‚Werden die Formen größer, dann treten zwar Unsicher- 
heiten in der Bestimmung ein, doch will ich noch einen davon 
als Pecten cardinatus Tab. 78, Fig. 1 unterscheiden. Die 
Form nach schließt er sich an globosus Fig. 2 an, aber feine 
Rippen sind viel breiter. Ich würde ihn dennoch globosus y 
genannt haben, wenn nicht der Name ‘eingezapft’ passend auf 
die Schloßzähne anspielte, welche ich bereits in Handb. Pe- 
tref. Pag. 507 nachwies. Diese Zahnung des Schlosses ist bei 
verkieselten so eigentümlich, daß vielleicht später daraus eine 
besondere Gruppe Cardinaten gemacht werden kann. Kann 
ich auch bei diesen Verkalkten die Zähne nicht nachweisen, so 
ist wegen der Analogie an der Existenz nicht zu zweifeln. Die 
Rippen sind schmal, sehr erhaben, und zu beiden Seiten gehen 
in den Furchen eigentümliche Zähnchen herab, die sich nicht 
berühren. Nur in der Jugend scheinen diese Zähnchen wie bei 
subpunctatus die ganze Furche zu füllen.‘ 


2. AMENDED DIAGNOSIS 


Distinguished from all other species of $. (Spondylopecten) 
by the number of plicae (42-48). 


3. AMENDED DESCRIPTION 


Essentially similar to $. ($.) subpunctatus. Differing by the 
diagnostic larger number of plicae (see Section 2), whose 
range of variation, if anything, increases phyletically (see Sec- 
tion 10) and by the generally higher umbonal angle, whose 
range of variation is from 91° (BM 66825) to 107° (BM 
L84341). 

There is insufficient data to chart phyletic changes ın um- 
bonal angle and convexity; C/H for Bajocian forms is plotted 
in text fig. 87. 

The maximum height is 33.5 mm (BM L41934). 


4. DISCUSSION 


The original description of ‘P.’ cardınatus (QUENSTEDT (see 
Section 1) does not specify the number of plicae but the figure 
shows about 36, which suggests that it might be an extreme 
representative of S. (S.) subpunctatus. There seem to be no 
traces of the original to the figure (or of any other type speci- 
mens) in the Qurxstept Collection (GPIT) and it may be lost. 
However, STAEscHE (1926) probably had access to the speci- 
men and applied the name to forms with about 45 plicae, as ın 
the species described in Section 3. If it could be established 
beyond reasonable doubt that Quenstepr’s type material is 
lost the most sensible course would be to designate a neotype 
in conformity with Stazsche’s hypodigm. Until this is done 
the species described in Section 3 can only provisionally be 
accorded the name S. (S.) cardinatus. 


The sole observed syntype of ‘P.” spinicostatus WHIDBORNE 
(BM 66825; Pl. 3, Fig. 21) possesses about 45 plicae and in its 
convexity (1) and number of spine rows (2) is indistinguish- 
able from $. ($.) cardinatus. 

Of the specimens which Yın (1931) placed in ‘P.’ cordifor- 
mis GrmMmELLARO and Dı Brası, only one, with 60 plicae, is re- 
ferable to that species (= S. (S.) globosus). The remainder, 
with 42-48 plicae, are inseparable from S$. ($.) cardinatus. 
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Text fig. 87: Spondylopecten (S.) cardinatus — convexity/height. 


5. STRATIGRAPHIC RANGE 


Although a long-lived species S. ($.) cardinatus is only 
known from a few disjunct records. The earliest is from the 
Parkinsoni zone (U. Bajocıan) of the Cotswolds where at 
least seven specimens (see Section 7) have been found. 
STAESCHE (1926) states that the species occurs sporadically in 
the Oxfordian and Kimmeridgian ofS. Germany but it would 
seem that only two specimens have actually been recovered, 
one from the U. Oxfordian (GPIT) and one from the Kim- 
meridgian (STAESCHE’s measured specimen). A further two 
specimens (GPIT, BM 49199) are known from the L. Titho- 
nian of the same area. 15 specimens are recorded from the 
U. Tithonian of $S. France (Yın, 1931). 


6. GEOGRAPHIC RANGE 


5. (S.) cardinatus is unknown outside Europe. Within 
Europe, records are widespread but patchy (see Section 5). 
They seem to indicate a gradual southward migration. 


7. DESCRIPTION OF ECOLOGY 


S. ($.) cardinatus is found in the U. Coral Bed (U. Bajo- 
cıan) at Dundry nr. Bristol and its probable lateral equivalent 
at Cleeve Cloud nr. Cheltenham (assoc. fauna p. 95). Seven 
specimens are contained in the BM, three with 43 plicae, three 
with 44 and one with 46. The maximum height is 33.5 mm 
(BM L41934). 


Specimens from the Oxfordian and Kimmeridgian of 
S. Germany (see Section 5) are, according to STAESCHE (1926), 
derived from sponge ‘reef’ facies (fauna p. 101). STAESCHE cites 
a height of 31 mm for a Kimmeridgian specimen. Specimens 
from the L. Tithonian of Nattheim (Swabian Alb) and from 
the U. Tithonian of Languedoc (see Section 5) are derived 
from coral reef facies (fauna p. 88) and have a range of plical 
variation from 42-48. The largest known specimen has a 
height of about 25 mm (BM 49199). 


8. INTERPRETATION OF ECOLOGY 


It is apparent from Section 7 that coralliferous deposits con- 
stituted the most favourable environment for $. ($.) car- 
dinatus. Both short-lived coral stands and reefs seem to have 
been suitable (cf. Hertıein, 1969; HauLam, 1976) although by 
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no means all such coral accumulations were colonised. In par- 
ticular, the absence of $. ($.) cardinatus from the coralliferous 
deposits in the Oxfordian of England and E. France, the Ox- 
fordıan and Kimmeridgian of the Jura, and the Tithonian of 
the Franconian Alb, Czechoslovakia and Sicily, is very notice- 
able. An explanation in terms of the general structure of the 
coral accumulations (see p. 88) is precluded by the presence of 
other Spondylopecten species and the invocation of inter- 
specific competition (see p. 101) does nothing to solve the 
problem since at one time or another S. ($.) cardinatus occurs 
with abundant examples of each of the other $. (Spondylo- 
pecten) species (e. g. with S. ($.) palinurus in the U. Bajocian 
of England, with S. ($.) subpunctatus in the U. Tithonian of 
France and with S. (S) globosus in the L. Tithonian of S. Ger- 
many). A highly specific commensal relationship (see p. 96) 
seems to be ruled out by the fact that S. ($.) cardinatus was 
apparently able to colonise sponge as well as coral accumula- 
tions and atemperature control can be discounted because the 
distribution of the species is still inconsistent in coralliferous 
deposits at the same palaeolatitude (e. g. in the $S. German 
Tithonian). 


9. FUNCTIONAL MORPHOLOGY 


As for other species of $. (Spondylopecten) little can be ad- 
ded to the general interpretation of functional morphology 
presented for the genus as a whole (p. 89). The considerable 
varıatıon in convexity of S. ($.) cardıinatus is further sugges- 
tive of a‘wedged’ mode of life. The comparable mean convex- 
ity to that of both S. ($.) palinurus and S. ($.) subpunctatus 
suggests that cavities of the order of size occupied by these 
species were also colonised by S. ($.) cardinatus. 


The small maximum height (33.5 mm) indicates that S$. ($.) 
cardinatus could have remained byssate throughout on- 
togeny (see p. 101) and it is likely that, even if it did unattach it- 
self, swimming would have been severely restricted by the in- 
flated form. 


10. ORIGINS AND EVOLUTION 


Assuming that S. ($.) subpunctatus arose in the Aalenıian 
(see p. 100) the latter is the most likely ancestor for S. (S.) car- 
dinatus. Otherwise the only possible ancestor within the sub- 
genus is $. ($.) palinurus. In neither case could trans-specific 
evolution have been based on heterochrony so some major 
change in the genome is implied. There is no evidence that this 
occurred gradually. 


There is too little data to allow a confident assertion of the 
existence of phyletic evolution within S. (S.) cardinatus. 
However a slight phyletic increase in the range of plical varia- 
tion (from 43-46, U. Bajocian to 42-48, U. Tithonian) and a 
decrease in maximum height (from 33.5 mm, U. Bajocıan to 
31 mm, Kimmeridgian to about 25 mm, U. Tithonian) is in- 
dicated by the few available specimens. Both trends would 
seem to indicate ‘r’ selection (GouLp, 1977) in contrast to the 
apparent field occurence of the species, as a fairly rare element 
in high diversity faunas (see Section 7), which suggests the 
prevalence of ‘K’ selection. 
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Spondylopecten (Spondylopecten) globosus (QuENSTEDT 1843) 
Pl. 3, Figs. 22-24; text fig. 88 


Synonymy 
pv* 1843  Pecten globosus sp. nov; QUENSTEDT, p. 476. 
v* 1852 Pecten globosus QUENSTEDT; QUENSTEDT, p. 507, 
pl. 40, fig. 46 (non fig. 45). 
v* 1858  Pecten globosus QUENSTEDT; QUENSTEDT, p. 755, 
pl. 92, fig. 20 (non pl. 78, fig. 2). 
non 1862 Pecten Globosus QUENSTEDT; THURMANN and 
ETALLON, p. 250, pl. 35, fig. 1. 
non 1867 Pecten globosus QUENSTEDT; DE LORIOL, p. 335, 


pl. 13, fig. 3. 

1874 Pecten cordiformis sp. nov; GEMMELLARO and DI 
BLASI, p. 108, pl. 2, figs. 11-15. 

1875  Pecten cordiformis GEMMELLARO and Dı BLası; 
GEMMELLARO, p. #3. 

1883 Pecten cordiformis GEMMELLARO and Dı BLası; 
BOEHM, p. 611, pl. 67, figs. 27-29. 

1883 Spondylus globosus (QUENSTEDT); BOEHM, p. 644, 

pl. 70, figs. 3, 4. 

Pecten globosa QUENSTEDT; SIEMIRADZKT, p. 119. 

Pecten (Spondylopecten) globosus QQUENSTEDT; 

PHILIPPI, p. 620, text figs. 6, 7. 

1898 Spondylopecten G. Boehmi sp. nov; PHILIPPI, 
p- 620. 

1903 _ Pecten cordiformis GEMMELLARO and Dı Brası; 
REMES, p. 202, pl. 29, fig. 6. 

19013  Pecten G. Boehmi PHıLıppı; REMES, p. 205. 


v 
EN 
oo 
so 
w 


non 1898 


non 1903 Pecten (Spondylopecten) globosus QUENSTEDT; 
REMES, p. 205. 
?1905  Pecten (Chlamys) globosus QUENSTEDT; KILIAN 


and GUEBHARD, p. 817. 

1910  Pecten globosus QUENSTEDT; LISSAJOUS, p. 362, 

pl. 10, fig. 5. 

Pecten globosus QUENSTEDT; JOUKOWSKY and 

FAVRE, p. 40, pl. 17, figs. 3-6. 

1920  Pecten cordiformis GEMMELLARO and Dı Brası; 

FAURE-MARGUERIT, p. 57. 

Pecten (Spondylopecten) globosus QUENSTEDT; 

FAURE-MARGUERIT, p. 60. 

1926  Spondylopecten 

STAESCHE, p. 110. 

Pecten (Spondylopecten) globosus QUENSTEDT; 

Yın, p. 118, pl. 12, figs. 3-6. 

p 1931 _ Pecten cordiformis GEMMELLARO and Dı Brası; 
Yın, p. 119, pl. 12, fig. 7, pl. 13, fig. 7. 

1936 _ Spondylopecten globosus (QUENSTEDT); DECHAS- 

EAUX, p. 66. 

? 1959  Spondylopecten globosus (QUENSTEDT); HÖLDER 
and ZIEGLER, p. 165. 

v1975 _ Spondylopecten globosus (QUENSTEDT); YAMANI, 
p- 62, pl. 3, figs. 7-9. 


non 1913 


non 1920 


globosus (QUENSTEDT); 


non 1931 


Lectotype of Pecten globosus QUENSTEDT 
1843, p. 476 designated herein; GPIT 
2-40-46; figured Quensteprt, 1852, pl. 40, 
fig. 46, 1858, pl. 92, fig. 20; Pl. 3, Figs. 22, 
23, herein; HI:23, 1:25, AH: 75, BH35.5; 
1:-16,2@: 24, UA 2943 PT.3 7635 Malmie, .(E. 
Tithonian; see p. 105), Natıheim, Swabia. 


1. ORIGINAL DIAGNOSIS AND DESCRIPTION 


‚Beide Schalen sind aufgebläht, wie die gewölbte Schale des 
P. gryphaeatus der Kreide, und nähern sich insofern aufein- 
ander geklappt der Kugelform, die Rippen markiert und nie 
dichotum, große Symmetrie, wie bei Pectunculus, auch*ste- 


hen die Wirbel weit voneinander. Dem Pecten subpunctatus 
sehr verwandt, nur werden sie viel größer. 


Bemerkenswert sind die Formen welche dem Pecten aeqni- 
costatus Sow. (gryphaeatus Schl.) gleichen, und die nament- 
lich im weißen Korallenkalke von Arnegg wie von Au beı 
Kelheim in so großer Häufigkeit vorkommen. Auch in den 
kieseligen Kalken von Nattheim fehlen sie nicht, und auffal- 
lenderweise erheben sich neben dem deltaförmigen Schloß- 
muskelloch zwei Zähne, von denen besonders der vordere 
sehr lange und kräftig wird.‘ 


2. AMENDED DIAGNOSIS 


Distinguished from all other species of S. (Spondylopecten) 
by the number of plicae (51-71). 


3. AMENDED DESCRIPTION 


Essentially similar to $. ($.) cardinatus. Differing by the 
diagnostic larger number of plicae (see Section 2), whose med- 
ian value, if anything, oscillates phyletically (see Section 10), 
and by the generally lower umbonal angle and higher 
convexity. There is insufficient data from which to ac- 
curately assess the range of variation ın the latter parameters. 
The lectotype of the species (see above) probably exhibits 
fairly typical proportions. The maximum height is 26.9 mm 
(STAESCHE, 1926). 


4. DISCUSSION 


Quenstepr’s (1843) original hypodigm for ‘P.’ globosus ıs 
a matter of some doubt. A comparison with ‘P.’ subpunc- 
tatus Münster combined with a reference to very high con- 
vexity in the original description (see Section 1) suggests that 
it included forms referable to both S$. ($.) subpunctatus and 
the species described in Section 3. This interpretation is borne 
out by the fact that the Quensteor Collection (GPIT) used to 
contain two specimens labelled ‘P.” globosus, one with mod- 
erate convexity and about 30 plicae and the other with high 
convexity and about 60 plicae, and by the fact that both 
specimens were figured by QuEnstepr as ‘P.’ globosus in later 
works (1852, 1858). For the purposes of this work it is desira- 
ble to restrict QUENSTEDT’s taxonomic species by designating 
one or other specimen as the lectotype. However, following 
Recommendation 74A ofthe ICZN (N.R. Srorı etal., 1964) 
due weight is given in the choice to valid restrictions of the 
species by previous authors, as discussed below. 


THurMmanNn and EraLLon (1862), pe LorıoL (1867), 
Joukowsky and Favre (1913), PHiLıprı (1898), Remes (1903), 
FaurE-MARGUERIT (1920) and Yın (1931) all apply Quens- 
TEDT’s specific name to forms with about 30 plicae (see 
p- 99). However, only in the last four cases is it clear, from 
the fact that other specimens with about 60 plicae are referred 
to different species, that these authors actually restricted their 
concept of QUENSTEDT’S taxonomic species to forms with ab- 
out 30 plicae. In fact, PrLippr’s citation of the specimen fig- 
ured in pl. 92, fig. 20 of Der Jura (the form with about 60 
plicae) as type for his restricted concept of the species effec- 
tively re-expands his hypodigm to that probably envisaged 
originally by QUENSTEDT. 


BoEHMm (1883), Lissajpous (1910), STAESCHE (1926), DE- 
CHASEAUX (1936) and Yamanı (1975) apply QUENSTEDT’s 
specific name to forms with about 60 plicae. All but Lissajous 
give a clear indication that their concept of (JUFNSTEDT’S tax- 
onomic species is restricted to such forms by referring other 
specimens with about 30 plicae to different species. STAESCHE 
suggests moreover that QUENSTEDT himself may have intended 
such a restriction in Der Jura. It is STAESCHE’s contention 
that in the latter work (1858), in which ‘P.’ aequatus, a new 
species with about 30 plicae ıs also figured, (QUENSTEDT ap- 
plied the name ‘P.” globosus by mistake to an illustration of 
the cardinal area of aform with about 30 plicae which hereally 
meant to label as a second figure of ‘P.’ aequatus. On these 
grounds STAESCHE draws the logical conclusion that in 1858 
Quensteor restricted his hypodigm for ‘P.’ globosus to forms 
with about 60 plicae. There is however no a priori reason to 
think that Quensteot made a nomenclatural error and furth- 
ermore there are no grounds for believing, as STAESCHE seems 
to imply, that QuENSTEDT intended such a restriction all along. 
The description in 1843 and the illustrations in 1852 belie this 
reasoning (see above). On the available evidence one must 
draw the conclusion that QUENSTEDT erected ‘P.’ aequatus as 
a species distinct from the original specimen of ‘P.’ globosus 
with about 30 plicae. 


In summary it can be said that previous restricted usage of 
QUENSTEDT’S taxonomic species is, on the basis of specimens 
described in the literature studied by the author, apparently 
equally divided between forms with about 30 and forms with 
about 60 plicae. Weight of numbers therefore gives no lead in 
the selection of an appropriate lectotype for ‘P.’ globosus. 
The first author to apply Quenstepr‘s specific name in a 
clearly restricted sense was Boenm (1883) who used the name 
for forms with about 60 plicae. Therefore on grounds of his- 
torical precedence the original specimen with about 60 plicae 
is the most appropriate choice for the lectotype of 
‘P.” globosus. Since this specimen appears to be the only one 
remaining of the two originally housed in the GPIT such a 
selection also avoids any possible need to designate aneotype. 
Accordingly the specimen with about 60 plicae (Pl. 3, 
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Figs. 22, 23) is herein designated as lectotype. As a result 
Spondylopecten G. Boehmi PruLıprı, which was erected for 
this and another specimen (following restriction of QuEns- 
TEDT’s taxonomic species to the original specimen with about 
30 plicae), would seem to become a junior objective synonym, 
and if so must be rejected. 


Non-synonymous and questionably synonymous usages 
of Quenstepr’s specific name quoted in the synonymy are 
discussed on p. 99. All other usages are within the present au- 
thor’s hypodigm for $. (S.) globosus (see Section 3). 


‘P.’ cordiformis GEmmELLARo and Dı Brası is inseparable 
from S$. (S.) globosus by its inflation (C/L: 0.94) and number 
of plicae (56). Nevertheless BoEHm (1883) considered that the 
two species should be placed in separate genera (cordıformis 
in Pecten, globosus in Spondylus) on the basis ofthe lack of a 
cardinal area in the former and of a byssal notch in the latter. 
However, STAESCHE (1926) has pointed out that this is merely 
the result of poor preservation and that therefore the species 
cannot be separated at any level. Of the forms referred to 
GEmMELLARO and Dı Brası’s species by Yın (1931) only one, 
with 60 plicae, is referable to $. ($.) globosus. The remainder, 
with 42-48 plicae, must be assigned to $. ($.) cardinatus. 


5. STRATIGRAPHIC RANGE 


An indeterminate number of specimens from the U. Ox- 
fordıan of the Mäconnais (Lissajous, 1910; DECHASEAUX, 
1936) constitutes the first certain record of S. ($.) globosus. 
Yamanı (1975) states that the species occurs in the Callovian 
of S. France but provides no evidence in the form of a refer- 
ence. His record of the species from the Kimmeridgian of 
S. Germany is also doubtful since it is probably based on 
Quenstepr’s (1843) description of ‘P.’ globosus from 
Kelheim (see Section 1), which may in fact refer to S. (S.) sub- 
punctatus (see Section 4). No museum specimens of S$. ($.) 
globosus are known from the latter locality but examples of S. 
(S.) subpunctatus are quite common. A specimen of $. ($.) 
globosus labelled ‘Malm € , Ulm’ in the GPIT could well be 
from the L. Tithonian rather than the Kimmeridgian, as the 


Text fig. 88: Spondylopecten (S.) globosus — European distribution. 
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label implies. Museum specimens from the L. Tithonian reef 
faciesin$. Germany are invariably incorrectly labelled in this 
way. Since the only other record of Kimmeridgian $. ($.) 
globosus (HöLDeEr and ZıeGLer, 1959) is of questionable valid- 
ity (see p. 99) there are no unequivocal occurrences of the 
species in the stage. 


5. (5.) globosus becomes locally common in the L. Titho- 
nian and continues thus into the U. Tithonian (GEMMELLARO 
and Dı Bıası, 1874; GEMMELLARO, 1875; BoEHM, 1883; 
FAURE-MARGEURIT, 1920; Yın, 1931). 


6. GEOGRAPHIC RANGE 


5. (S.) globosus ıs unknown outside Europe. Within 
Europe (text fig. 88) the species is restricted to the central and 
southern parts of the continent, where its local distribution is 
intimately linked with that of coralliferous deposits (see Sec- 
tions 7, 8). 


2. DESCRIBTION OR ECOLOGY 


The records of S. ($.) globosus from the U. Oxfordian of 
the Mäconnais (see Section 5) are from coralliferous lime- 
stones. The range of plical varıation is apparently from 55-65 
(DECHASEAUX, 1936). 


In theL. Tithonian $. ($.) globosus ıs reported to be com- 
mon in the coral reefs at Nattheim, Sirchingen and Wittlingen 
in Swabia (STAESCHE, 1926) and to also occur in the same facies 
at Neuburg in Franconia (Yamanı, 1975). The range of plical 
variation is from 51 (GPIT) — 65 (SraescH£, 1926) and the 
maximum height is 26.9 mm (STAESCHE, 1926). The species is 
also known from coral reef facies in the U. Tithonian of 
S. France (FaAurE-MARGURRIT, 1920; Yın, 1931), Sicily (GEM- 
MELLARO and Di Brası, 1874; GEMMELLARO, 1875) and Czecho- 
slovakia (BoEHM, 1883; Remes, 1903) where it is particularly 
abundant and reaches a maximum height of 24 mm (BM 
L23886). The range of plical variation in U. Tithonian forms 
is from 56 (GemmeLLaro and Dı Bıası, 1874) to 71 (BM 
LL17205). The typically associated fauna in Tithonian oc- 
currences of S. (S.) globosus is described on p. 88. 


There are no certain occurrences of $. (S.) globosus apart 
from those discussed above. 


8. INTERPRETATION OF ECOLOGY 


It is clear from Section 7 that S. (S.) globosus was a coral 
reef-dwelling species. However, by no means all such reefs 
were colonised. The absence of the species from reef and 
reef-derived sediments in the Oxfordian of England, N. 
France and N. Germany (see Section 6) could perhaps be the 
consequence of a temperature restriction. However, the in- 
consistent distribution in coral reefs at approximately the 
same palaeolatitude (presence in the Tithonian of Czecho- 
slovakia and $S. Germany, absence from the Oxfordian of the 
E. Paris Basin, Oxfordian and Kimmeridgian of the Jura, 
Kimmeridgian of La Rochelle and probably also Kelheim) ar- 
gues against this hypothesis. While the general reef structure 
might be the cause of the lack of S. (S.) globosus at La 
Rochelle (see p. 88) it cannot be invoked as an explanation for 
absences from the other reefs, in each of which at least one of 
the other S. (Spondylopecten) species is known to occur 


commonly. Competitive exclusion by $. (S.) palinurus is 
another possible explanation since the latter is present at all of 
the above localities where $. ($.) globosus is absent, apart 
from Kelheim. Moreover, the two species are not known to 
occur together in large numbers at any locality. However, if 
Spondylopecten species occupied different microhabitats (see 
p- 89) it seems unlikely that they would have competed and 
indeed there is little evidence of competition in general (see p. 
103). An alternative explanation for the distribution of $. (S.) 
globosus in verms of acommensal relationship with one par- 
ticular coral species must also be considered doubtful on the 
basıs of the failure of such a hypothesis (see p. 96) to account 
for the irregular distributions of other $. (Spondylopecten) 
species. There is, however, no specific reason for rejection in 
the case of S. ($.) globosus. 


9. FUNCTIONAL MORPHOLOGY 


Little can be added to the general interpretation of func- 
tional morphology in Spondylopecten presented on p. 89. 


The maximum height of 26.9 mm indicates that the species 
could have remained byssate throughout ontogeny (see p. 101) 
while the inflated form renders it likely that if it unattached it- 
self at all, S. ($.) globosus could only have been a very ineffi- 
cient swimmer. 


Such phyletic changes in height and plical variation as may 
have occurred (see Section 10) are too small to have had any 
effect on the mechanics of the shell (cf. pp. 97, 101). 


10. ORIGINS AND EVOLUTION 


The most likely ancestor for $. ($.) globosus is S. (S.) car- 
dinatus. A ‘genetic revolution’ presumably accompanied 
speciation since the lack of ancestral allometry rules out 
evolution by heterochrony. There is no evidence that specia- 
tion occurred gradually, but some suggestion that it occurred, 
at least on a small scale, allopatrically, since the first occur- 
rence of $. (S.) globosus ıs as an ısolated population (U. Ox- 
fordıan, Mäconnais) apparently at the edge of the contem- 
poraneous geographic range of $. (S.) cardıinatus. 


The apparent phyletic oscillation in the median number of 
U. Oxfordian; 58, L. Tithonian; 63/64, 
U. Tithonian) may well be more a consequence of the limited 


plicae (60, 


number of museum specimens available to the author than a 
reflection of a real phenomenon. 

Museum specimens indicate no significant change in max- 
imum height in the passage from L. (26.9 mm) to U. (24 mm) 
Tithonian. 


Genus CAMPTONECTES Acassız ın MEEK 1864 


Type species. SD; Stoliczka 1871, p. 425; Pecten lens ]. 
Sowersy 1818, p. 3, pl. 205, figs. 2, 3; Corallian Beds (Ox- 
fordıan) of the Oxford district. 


AMENDED DIAGNOSIS 


Part or all of exterior ornamented with fine, oblique, diver- 
gent, curved, crenulated, commonly punctate striae and con- 
centric lines or raised laminae. L. Jur. — U. Cret., cosmop. 


DISCUSSION 


HerTLeın’s (1969: N351) diagnosis for Camptonectes has 
been slightly altered so as to expressly include forms (e. g. C. 
(C.) subulatus, C. (Camptochlamys) clathratus) which only 
have the distinctive divaricate ornament on a small part of the 
shell. Such forms are undoubtedly related to the more typical 
members of the genus well provided with divaricate orna- 
ment. Examples of C. (C.) subulatus which possess only a 
small byssal notch (e. g. Pl. 4, Fig. 7) closely resemble the 
contemporaneous species Entolium (E.) lunare. They may, 
however, be distinguished by the features described on p. 
35 thus there is little evidence to support STAESCHE’s (1926: 
55) contention that Camptonectes and Entolium are conver- 
gent in the L. Jurassıc. 


Subgenus CAMPTONECTES s. s. 


(Errors Campstonectes von TEpPNER 1922 [nom. null.] 
Campitonectes SaLıssury 1939 [nom. null.] 
Camponectes VyaLov and KoroBkov 1939 

[nom. null.]) 


AMENDED DIAGNOSIS 


Concentrie sculpture of fine growth lines. L. Jur. (Het- 
tang.) — U. Cret. (Maastricht.), cosmop. 


DISCUSSION 


In his diagnosis, HERTLEIN (1969: N351) stated that the first 
occurrence of C. (Camptonectes) was in the U. Lias (Toar- 
cıan). C. (C.) subulatus and C. (C.) aurıtus are known, how- 
ever, from the lowermost horizons in the Lias. 


In well preserved material four groups may be distin- 
guished in Jurassic C. (Camptonectes) on the following basis: 


1. Sub-ovate disc, fine divaricate striae on all parts of disc 
(= C. (C.) virdunensis). 

2. Sub-orbicular disc, fine divaricate striae on all parts of 
disc 6= C. (C.) anritus). 

3. Sub-orbicular disc, coarse divaricate striae on all parts of 
disc (= C. (C.) laminatus). 

4. Sub-orbicular disc, fine divaricate striae restricted to an- 
terior and posterior margins of disc (= C. (C.) subula- 
tus). 


As pointed out by Arkeıı (1930a), Group 3 may also be 
distinguished from Group 2 by the presence of comarginal 
lamellae on the anterior auricle of the left valve. Contrary to 
ARKELL’s opinion lamellae are not consistently developed on 
the posterior auricle of the right valve in Group 3 and it is not 
possible to distinguish the two groups on the basis of H/L 
(text figs. 98, 108) or H/UA (text figs. 99, 109). Group 3 al- 
most entirely replaces Group 2 in the Bathonian of Europe 
yet there are no certain records of Group 2 elsewhere to 
evince a migration. The possibility therefore that the coarser 
ornament distinguishing Group 3 is merely an ecophenotypic 
response of Group 2 to Bathonian environments cannot be 
entirely discounted. An analysis along the lines adopted for 
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Radulopecten vagans (see JOHnson, 1981) could be used to 
text thishypothesis. However, until this is undertaken it seems 
preferable to treat the two groups as separate species. A simi- 
lar approach istaken for Group 1, in which the high H/L (text 
fig. 118) and H/UA (text fig. 119) might merely be an 
ecophenotypic response of Group 2 to the coral reef habıtat. 
Recent species from such environments often take on an elon- 
gated shape as the result of the physical restriction on growth 
imposed by a dense coral framework (Waıter, 1972b). 


Although within Group 2 there are systematic variations in 
metric proportions with horizon and geography these are 
more easily interpreted as an expression of respectively phyle- 
tie evolution and ecophenotypic variation (see p. 117) in a 
single species rather than as a result of the existence of nume- 
rous species within Group 2. 


Camptonectes (Camptonectes) subulatus (MÜNSTER 1836) 
Pl. 4, Figs. 3-5, 7, 8, ?Figs. 6, 9; text figs. 89-97 


Synonymy 


? 1833 Pecten textilis sp. nov; MUNSTER in GOLDFUSS, 
p- 43, pl. 89, figs. 3a-d. 
1836  Pecten subulatus sp. nov; MÜNSTER in GOLDFUSS, 
p- 73, pl. 98, figs. 12a-c. 
Pecten calvus sp. nov; GOLDFUSS, p. 74, pl. 99, 
figs. la-c. 
1836  Pecten substriatus sp. nov; ROEMER, p. 71. 
? 1839  Pecten dextilis MÜNSTER; ROEMER, p. 28, pl. 28, 
figs. 24a-c. 


v” 1836 


v" 1850  Pecten Castor sp. nov; D’ORBIGNY, v. 1, p. 220 
(BOULE, 1907, v. 2, p. 167, pl. 23, fig. 15). 

(?) 1850 Pecten subulatus MUNSTER; D’ORBIGNY, v. 1, 
p. 257. 

(?) 1850  Pecten caluus GOLDFUSS; D’ORBIGNY, v. 1,p. 257. 


? 1858 Pecten amatus sp. nov; ANDLER, p. 644. 


v2 1858  Pecten disparilis sp. nov; QUENSTEDT, p. 47, 
pl. 4, figs. 8, 9. 
v” 1858 Pecten punctatissimus sp. nov; QUENSTEDT, p. 79, 
pl. 9, fig. 14. 
v* 1858  Pecten strionatis sp. nov; QUENSTEDT, pp. 147, 


183, pl. 18, fig. 21, pl. 23, fig. 2. 
? 1858 _ Pecten Trigeri sp. nov; OPPEL, p. 103. 
1863 _ Pecten subulatus MÜNSTER; SCHLÖNBACH, p. 544. 
? 1865 _ Pecten punctatissimus QUENSTEDT; TERQUEM and 
PIETTE, p. 103, pl. 12, fig. 62. 
1865 Pecten jamoignensis sp. nov; TERQUEM and 
PIETTE, p. 104, pl. 12, figs. 20, 21. 
Pecten Etheridgüi sp. nov; TAWNEY, p. 81, pl. 3, 
fig. 4. 
1870  Pecten Lohbergensis sp. nov; EMERSON, p. 318, 
pl. 9, figs. 4, 4a, 4b. 


v”? 1866 


(?) 1871  Pecten subulatus MÜNSTER; BRAUNS, p. 393. 

(?) 1876  Pecten caluus GOLDFUSS; TATE and BLAKE, p. 362. 

(?) 1876  Pecten punctatissimus QUENSTEDT; TATE and 
BLAKE, p. 362. 

1876 Pecten Lohbergensis EMERSON; TATE and BLAKE, 

p: 362. 

(?) 1876  Pecten substriatus ROEMER; TATE and BLAKE, 
p- 362. 


1878 Pecten (Amusium) Bellampensis sp. nov; GEM- 
MELLARO and Di BLası, p. 403, pl. 30, figs. 15, 16. 
1881 Pecten Tullbergi sp. nov; LUNDGREN, p. 28, pl. 5, 
figs. 11, 12. 
v” 1884 Pecten punctatus sp. nov; SIMPSON, p. 171. 
?1888  Pecten Lundgreni sp. nov; MOBERG. p. 35, pl. 1, 
figs. 27-32. 
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(2) 1888 
1895 
? 1906 


(2) 1907 
1907 


1909 


(2) 1916 
? 1917 


v" 1923 
1923 
1926 


? 1926 
v 1926 


vnon 1926 


? 1926 
1926 


v 1926 


(2) 1928 
v 1934 


(2?) 1934 
1934 

v 1935 
1936 
1936 

(?) 1936 
v 1936 
(2?) 1942 
1948 
1951 
1951 
non 1951 
non 1951 
1956 
non 1956 
1956 
1956 
1956 


v 1956 


Pecten subulatus MÜNSTER; MOBERG, p. 36, pl. 1, 
fig. 33. 

Pecten Rinki sp. nov; LUNDGREN, p. 200, pl. 3, 
fig. 14. 

Pecten cfr. Bellampensis GEMMELLARO and Di 
BLas1; FucınI, p. 617, pl. 11, fig. 1. 

Pecten (Entolium?) caluus GOLDFUSS; JOLY, p. 76. 
Pecten (Entolium?) jamoignensis TERQUEM and 
PIETTE; JOLY, p. 76. 

Pecten (Chlamys) subulatus MÜNSTER; TRAUTH, 
p- 90. 

Pecten strionatis QUENSTEDT; JAWORSKI, p. 417. 


Pecten tingensis sp. nov; TILMANN, p. 674, pl. 24, 
fig. 6. 

Pecten dehmensis sp. nov; ERNST, p. 54, pl. 1, 
figs. 10, 11. 

Pecten (Pleuronectites) sublaevigatus sp. nov; 
ERNST, p. 57, pl. 1, fig. 9. 

Chlamys (Camptonectes?) cf. lohbergensis (EMER- 
SON); Cox, p. 180. 

Chlamys Trigeri (OPPEL); STAESCHE, p. 56. 
Chlamys subulata (MÜNSTER); STAESCHE, p. 57, 
pl. 2, figs. 9, 10, pl. 5, fig. 6. 

Chlamys calva (GOLDFUSS); STAESCHE, p. 58, 
pl. 2, figs. 11, 12. 

Chlamys substriata (ROEMER); STAESCHE, p. 63. 
Chlamys punctatissima (QUENSTEDT); STAESCHE, 
P:73: 

Camptonectes aff. sublaevigato (ERNST); STAE- 
SCHE, p. 75, pl. 3, fies. 1,811: 

Chlamys substriata (ROEMER); COX, p. 242. 
Chlamys substriata (ROEMER); KUHN, p. 472, 
pl. 18, figs. 6a, 6b. 
Chlamys substriata var. 
ROSENKRANTZ, p. 113. 
Camptonectes aff. sublaevigatus (ERNST); ROSEN- 
KRANTZ, p. 117. 

Chlamys substriata (ROEMER); KUHN, p. 246, 
pl. 12, fig. 35. 

Pecten (?Chlamys) jamoignensis TERQUEM and 
PIETTE; DECHASEAUX, p. 28. 

Pecten (?Chlamys) subulata MUNSTER; DECHAS- 
EAUX, p. 28. 

Chlamys ? punctatissimus (QUENSTEDT); DECHAS- 
EAUX, p. 29. 

Camptonectes sp; DECHASEAUX, p. 29, pl. 4, 
figs. 7, 8. 


rinki (LUNDGREN); 


Chlamys substriata var. rınkı (LUNDGREN); RO- 


SENKRANTZ, pp. 23, 29, 30, 32, 38. 

Pecten (Camptonectes) sp; DUBAR, p. 161, pl. 13, 
fig. 2. 

Chlamys  subulata 
p- 212, pl. 20, fig. 17. 
Chlamys tullbergi (LUNDGREN); TROEDSSON, 
p- 213, pl. 23, figs. 5, 6. 


(MÜNSTER); TROEDSSON, 


Entolium calvum (GOLDFUSS); TROEDSSON, 
p- 217, pl. 20, figs. 9-13. 
Entolium lundgreni (MOBERG); TROEDSSON, 


p- 218, pl. 20, figs. 4-8. 

Chlamys subulata (MÜNSTER); MELVILLE, p. 121, 
pl. 5, fig. 3. 

Chlamys subulata securis (DUMORTIER); MEL- 
VILLE, p. 121, pl. 5, figs. 4, 5. 

Chlamys ?calva (GOLDFUSS); MELVILLE, p- 122, 
pl»55:ties.1, 2. 

Camptonectesjamoignensis (TERQUEM and PIETTE); 
MELVILLE, p. 123. 
Camptonectes lohbergensıs 
VILLE, p. 123, pl. 5, fig. 6. 
Camptonectes mundus sp. nov; MELVILLE, p. 124, 
pl. 1, figs. 14. 


(EMERSON); MEL- 


1963 
(2) 1966 

1967 

1967 
(2) 1967 
(2) 1968 
(2) 1968 


(2) 1971 


? 1972 


Camptonectes lohbergensis (EMERSON); HALLAM, 
p- 561. 

Entolinm cf. subulatum (MUNSTER); BEHMEL and 
GEYER, p. 26. 

Camptonectes lohbergensis (EMERSON); BERRIDGE 
and IVIMEY-COOK, p. 160. 

Camptonectes mundus MELVILLE; BERRIDGE and 
IvIMEY-CoöoK, p. 160. 

Chlamys subulata (MUNSTER); BERRIDGE and 
IvimEY-CoOok, p. 160. 

Chlamys (2) calva (GOLDFUSS); WOBBER, p. 306. 
Chlamys subulata (MÜNSTER); WOBBER, p. 306. 
Chlamys subulata (MÜNSTER); HALLAM, pp. 242, 
243. 

Camptonectes (Camptonectes) fromageti sp. nov; 
HAYAMI, p. 195, pl. 34, figs. 5-8. 


No trace of the type material of Pecten 
subulatus MUNSTER in GOLDFUSS 1836, p. 73, 
pl. 98, figs. 12a-c has yet been found in the 
Münster/Goıpruss Collections in BSPHG 
and GPIB. The material was derived from the 
‘Liaskalk’ (L. Jurassic) of S. Germany. 


1. ORIGINAL DIAGNOSIS AND DESCRIPTION 


‘Pecten testa oblique ovalı aequivalvi inaequilaterali con- 


vexo-plana laevi, striis radiantibus et concentricis vix con- 


spicuis, auricula antıca elongata basique sınuata. 


E montibus Bavaricus et Wurtembergicis M. M. 


Gleichklappig, schief oval-kreisrund, flach-convex, glatt 


und glänzend. Durch Vergrößerung erkennt man sehr zarte, 


gedrängte konzentrische Streifen und einige ausstrahlende 
Linien. Die Ohren sind in etwas abweichender schiefer Rich- 
tung abgeschnitten, die hintern sehr kurz, die vordern aber 


weit über den Rand hinaus verlängert. 


Findet sich im Liaskalk bei Altdorf, Amberg, Ellwangen 
und Wasser-Alfingen.‘ 


2. AMENDED DIAGNOSIS 


Distinguished from C. (C.) aurıtus and C. (C.) laminatus 
by the restriction of surficial ornament to the anterior and 
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Text fig. 89: 


Camptonectes (C.) subulatus — heighv/length. 
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Text fig. 90: Camptonectes (C.) subulatus — heigh/umbonal angle. 


posterior margıins. Distinguished from C. (C.) virdunensis 
by the more orbicular disc. 


3. AMENDED DESCRIPTION 


Disc sub-orbicular, slightly higher than long at all stages in 
ontogeny (text fig. 89); maximum height 52.5 mm (GPIT). 
Umbonal angle very variable (text fig. 90) but increasing dur- 
ing ontogeny to produce concave dorsal margins. Disc flanks 
very low. 


Equilateral; inequivalve, low convexity, left valve slightly 
more convex than right. 


Intersinal distance variable, greater in left valve than right 
(text figs. 91, 92) but increasing isometrically in both. Depth 
of byssalnotch very variable (text fig. 93) but usually increas- 
ing isometrically. 

Auricles well demarcated from disc, variable in size, an- 
terior larger than posterior. Posterior auricles meeting hinge 
line at an obtuse angle and disc at an acute angle. Anterior au- 
ricles meeting hinge line at about 90°; that of left valve meeting 
disc at an acute angle, that of right valve meeting disc at 90° or 


more. All auricles ornamented with fine comarginal striae and 
where well preserved, fine divaricate striae. 


Height of anterior auricle and length of posterior hinge in- 
creasing with approximate isometry (text figs. 94, 95). 
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Text fig. 91: Camptonectes (C.) subulatus — intersinal distance on 
left valve/length. 
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Length of anterior hinge possibly increasing at a decreasing 
rate (text fig. 96). 

Centre of disc exterior smooth in both valves. In well pre- 
served specimens anterior and posterior margins, particularly 
in the dorsal region, bearing fine divaricate striae (Pl. 4, 
Fig. 3), rendered ‘punctate’ by the intersection of comarginal 
striae. Inner shell layers formed into radial striae of low amp- 


litude (Pl. 4, Fig. 8). 


Shell very thin. Outer layer including at least one sub-layer 
of divarıcate fibres. 
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Text fig. 92: Camptonectes (C.) subulatus — intersinal distance on 
right valve/length. 


4. DISCUSSION 


The taxonomy of the weakly ornamented L. Jurassic Pec- 
tinıdae has been a subject of considerable confusion. Distinc- 
tion at the generic level is dealt with on pp. 35, 107. The prolif- 
eration of names at the specific level has resulted largely from 
a failure to appreciate the wide but continuous range of varia- 
tion in metric proportions of the species described in Sec- 
tion 3 and the range of sculptural patterns in the latter result- 
ing from abrasıon and dissolution of the thin shell. Four main 
sculptural patterns (analogous to those observed in Pro- 
peamussium (P.) pumilum by HöLper (1978)) can be recog- 
nised in the passage from complete shell preservation to inter- 
nal mould. 


a) Perfect preservation produces shells conforming to the 
description in Section 3. 


b) Loss of the very thin shell layer bearing ‘Camptonectes- 
ornament’ on the lateral disc margins and auricles, leaves a 
smooth but relatively thick shell bearing traces only of co- 
marginal striae (Pl. 4, Figs. 4, 7). 

c) Loss of a further shell layer results in the exposure of rad- 
ial striae which form a reticulate pattern with the comargınal 
striae (Pl. 4, Fig. 5; postero-ventral of centre), this standing 
out asrows of comarginal ‘punctae’ (cf. a) in suitably fine 
sediment. 


d) Loss of the remainder of the outer layer leaves only the 
radial striae of the inner shell layers which persist to the inter- 
nal shell surface and thus appear on moulds (Pl. 4, Fig. 8). 


Paired valves often exhibit different sculpture, with the 
right valve usually representing amore advanced state of abra- 


sion, presumably as the result of more frequent contact with 
the substratum during life. 


BM L40676 (Pl. 4, Fig. 5) exhibits, in different parts of the 
shell, each of the first three preservation states referred to 
above, thus convincingly demonstrating that they do not re- 
flect genetic differences. That forms corresponding to pre- 
servation state d) are conspecific is made clear by the fact that 
their metric proportions (specimens marked with a glyph ın 
text figs. 89-96) are inseparable from more perfectly pre- 
served specimens. However, the development of fine radıal 
striae is not restricted to the species under discussion but is 
also seen in, for instance, small or abraded examples of the 
‘fine’ phenotype of Chlamys (Ch.) textoria. Thus, where 
original material and figures are poor or lacking and descrip- 
tions inadequate, there remains considerable taxonomic un- 
certainty (see below). 


Type and original specimens and figures of type specimens 
apparently corresponding to preservation state a) are: — 


1. The holotype (OD) of Camptonectesmundus MELVILLE 
(IGS 28760). 

The original of C. sp. DecHaseaux (NM). 

The original figure of C. (C.) fromageti Havyamı. 

. The original figure of ‘Pecten’ lundgreni MoBerc. 


a wmM 


In each of the above cases metric proportions plot within 
the ranges of text figs. 89-96. TroEDsson (1951) referred 
Mosßerg’s species to Entolium. Since he may have had access 
to the type material it is possible that the appearance of divari- 
cate striae on the original figure may be a misrepresentation of 
the divaricate fibres which are present in the outer shell layer 
of Entolium as well as the species described in Section 3. In 
the case of C. (C.) fromageti (a species described from Viet- 
nam) it is possible that the lack of ‘Camptonectes-ornament’ 
in the median part of the shell is not due to an original absence 
but to wear of what was previously a more completely or- 
namented shell. 
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Text fig. 93: Camptonectes (C.) subulatus — depth of byssal 
notch/length. 


Type specimens and figures of type specimens correspond- 
ing to preservation state b) are: — 
5. A syntype of ‘P.’ caluus Goupruss (GPIB 609; Pl. 4, 
Fig. 4). 
6. The two known syntypes of ‘P.’ dehmensis ERNST 
(GPIG). 


8 [>] 59 
0 790 
HAA + “u 1% 
X s 
4 xW u-8 
: 8, nz: 
4 EL} RO 
1° 
- oo 
x 
4 [N 
en 
| T T T a7 T T la | 
20 40 
L 


Text fig. 94: Camptonectes (C.) subulatus — height of anterior 
auricle/length. 


7. The original figure of ‘P.’ sublaevigatus ERNST. 

8. The original figure of ‘P.’ rınkı LunDGren. 

9. The original figure of ‘P.’ (Amusium) Bellampensis 
GEMMELLARO and Dı Brası. 

10. The original figure of ‘“P.’ tingensis TıLmann. 


Numbers 5-9 plot within the ranges of text figs. 89-96. 
Most of the 16 syntypes of ‘P.’ tingensis (GPIB; from Peru) 
are unlike Tımann’s figure in that they display radial and, in 
some cases, comarginal ornament. It is therefore very doubt- 
ful whether ‘P’. tingensis can be referred to the species de- 
scribed in Section 3. GoLDruss’ specific name calvus has been 
applied to figured specimens which by the configuration of 
the auricles are clearly referable to Entolium (E.) lunare 
(STAESCHE, 1926; TROEDSsoN, 1951). With the evident possi- 
bility of confusion unfigured references to GoLDruss’ species 
in D’Orsıcny (1850), TATE and BLAkE (1876), Jory (1907) and 
WOBBER (1968) cannot safely be synonymised with the species 
under discussion. Fucını’s (1906) figure of GEMMELLARO and 
Dı Brası’s species may also refer to E. (E.) lunare and Ano- 
Ler’s (1858) unillustrated species ‘P.’ amatus, described only 
as a smooth flat shell with comarginal striae, has a similarly 
equivocal status. 
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Text fig. 95: Camptonectes (C.) subulatus — posterior hinge 
length/length. 
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Text fig. 96: Camptonectes (C.) subulatus — anterior hinge 
length/length. 


Type specimens and figures and descriptions of type speci- 
mens corresponding to preservation state c) are: — 


11. The holotype (M) of ‘P.’ punctatissimus QUENSTEDT 
(GPIT). 

12. The original figure of ‘P.’ Lohbergensis Emerson. 

13. The original description of ‘P.’ substriatus ROEMER. 

14. The single observed type of ‘P.’ punctatus Simpson 
(WM 604). 


Metric proportions of Il and 12 plot within the ranges of 
text figs. 89-96. Both Qurnsteor’s and Rormer’s specific 
names have been applied (by respectively TErQUEM and Pırr- 
TE, 1865 and STAESCHE, 1926) to quite strongly striate speci- 
mens which may be referable to Chlamys (Ch. ) textorıa. 
Therefore, bearing in mind the remarks made on p. 110 it seems 
wise to regard inadequately characterised references to these 
species in TATE and BLAke (1876), Cox (1928), ROSENKRANTZ 
(1934, 1942), and DecHaseAaux (1936) as of uncertain tax- 
onomıc position. 


Type specimens and figures and descriptions of type speci- 
mens corresponding to preservation state d) are: — 


15. The sole observed syntype of ‘P.’ disparilis QUENSTEDT 
(GPIT 448; Pl. 4, Fig. 6). 

16. A syntype of ‘P.’ strionatis Quensteor (GPIT). 

17. The holotype (M) of ‘P.’ Castor D’Orsıcny (MNS). 

18. The original figure of ‘P.’ subulatus MÜNSTER. 

19. The original figure of ‘P.’ jamoignensis TERQUEM and 
PıETTE. 

. The original figure of ‘P.’ Tullbergi LunnGren. 

. The original figure of ‘P.’ Etheridgii Tawney. 

. The original figure of ‘P.’ textilis MUnsTER. 

. The original description of ‘P.’ Trigeri Opreı. 
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Numbers 15-20 have metric proportions which plot within 
the ranges of text figs. 89-96. However, ‘P.’ disparilis dis- 
plays particularly prominent radial striae and bearing in mind 
its horizon of derivation (Planorbis zone) might be an exam- 
ple of Chlamys (Ch.) valoniensis. The same may also be the 
case for ‘P.’ Etheridgü (syntypes: IGS 7829, 91801; Pl. 4, 
Fig. 9) which may also have an anomalously low L/PH (21). 
N/L of ‘P.’ textilis (22) ıs sımilarly low and Rormer (1839), 
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who may have examined the syntypes, has applied the name 
to forms which are reminiscent of Ch. (Ch.) textoria. Bearing 
in mind the remarks made on p. 110 Müunster’s species can 
only tentatively be placed in synonymy. The same approach 
must also be adopted for ‘P.’ Trigeri (23) which has been 
applied by StazscHE (1926) to specimens whose description 
recalls that of the “fine’ phenotype of Ch. (Ch.) textoria. 


In the uncertainty over the affinities of ‘P.’ textilis the ear- 
liest available name for the species described in Section 3 is 
‘P.’ subulatus Münster. The type material appears to be lost 
thusa neotype may need to be designated. Bearing in mind the 
remarks made on p. 110 with respect to radially striate speci- 
mens, inadequately characterised references to MUNSTER’s 
species ın D’ORBIGNY (1850), Brauns (1871), MoBErG (1888), 
BEHMEL and GEYER (1966), BErRIDGE and IvimeY-Cook (1967), 
WOBBER (1968) and Haıtam (1971) and to QUENSTEDT’S 
‘P.’ strionatis ın Jaworskı (1916), must be treated with some 
scepticism. MEıviLL£’s (1956) ‘Ch.’ subulata securis ıs discus- 
sed under Ch. (Ch.) textorıa. 


5. STRATIGRAPHIC RANGE 


The earliest record of C. (C.) subulatus is a single specimen 
from the pre-Planorbis beds of Gloucestershire (BM L77305). 
Thereafter the species becomes common in the Planorbis zone 
(Hettangian) of $S. Germany (STAESCHE, 1926) and in suitable 
sediments (see Section 8) is thus found in all stages until the 


U. Pliensbachian. There are no unequivocal records from the 
L. Toarcıan but seven specimens are known from the 
U. Toarcian of Germany (Ernst, 1923; STAESCHE, 1926; 
GPIG). p’Orsıcny’s (1850) records from the Toarcıan of 
Germany are of doubtful status (see p. 71) but Rost ukrANTz 
(1934) records examples of C. (C.) subulatus from the Toar- 
cian of Greenland. 

Sıarscnt (1926: 75) records a specimen from the Aalenian 
whose H/UA (24) and ornamentation is indistinguishable 
from that of €. (C.) subulatus. However, other weakly or- 
namented Aalenian examples of C. (Camptonectes) such as 
BM L41942 have a higher H/UA (25) and are probably ab- 
raded specimens of C. (C.) auritus. Thus STAESCHE’s record 
must be considered questionable in the absence of afıgure or a 
specimen in his collection (GPIT) conforming to the descrip- 
tion. 


6. GEOGRAPHIC RANGE 


Although occurring over a large area of Europe (text 
fig. 97) C. (C.) subulatus is much more common in the 
northern parts of the region, implying a possible temperature 
dependance. STAESCHE (1926) commented on the absence of 
the species from the Planorbis zone of the Rhone basın, 
thereby implying a northerly derivation. Except for records 
from Greenland (see Section 5) there are no certain occur- 
rences of C. (C.) subulatus outside Europe (cf. Section 4). 
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Text fig. 97: Camptonectes (C.) subulatus — European distribution. 


7. DESCRIPTION OF ECOLOGY 


In the Hettangian C. (C.) subulatus occurs in sandstones in 
E. France (TERQUEM and PıETTE, 1865; fauna p. 87). Calcaren- 
ites are the site of probable occurrences of the species in the 
Planorbis zone of S. Wales (Wossrr, 1968). In S. Germany 
marly limestones of the same age contain common examples 
of ©. (C.) subulatus (STAEscHE, 1926) reaching a maximum 
height of 32 mm (GPIT). The species is also common in ooli- 
tic limestones of the Angulata zone and L. Sinemurian in the 


same area. In the latter substage itattains amaximum height of 
30.5 mm (GPIT) and is associated with Entolium (E.) lunare. 


In the U. Sinemurian C. (C.) subulatus occurs in the Ob- 
tusum zone chamosite oolites of the Frodingham Ironstone 
(fauna p. 69) but it is greatly outnumbered by E. (E.) lunare. 
In the Raricostatum zone of Yorkshire C. (C.) subulatus oc- 
curs commonly in silty shales in association with Pseudopec- 
Antiquilima, Pinna, 


ten (Ps.) equivalvıs, Psendolimea, 


Gryphaea, Pleuromya, Procerithium, Tetrarhynchia and be- 


lemnites (SerLwoop, 1972). E. (E.) lunare ıs quite rare. 
Numbers of €. (C.) subulatus are particularly high in the vi- 
cinity of large Pinna. A similar association characterises the 
Jamesoni zone (L. Pliensbachian) of Yorkshire and the 
U. Sinemurian/L. Pliensbachian sequence in $. Germany 
where C. (C.) subulatus reaches a maximum height of 
37.5 mm (GPIT). In sediments of the same age but with a 
somewhat restricted benthos (mainly consisting of proto- 
branchs, /noceramus and Oxytoma [Seııwoop, 1972]) ın 
Dorset, C. (C.) subulatus ıs rare. 


C. (C.) subulatus occurs commonly in shales of the Mar- 
garitatus zone (U. Pliensbachian) in Yorkshire where E. (E.) 
lunare is rare. However the latter species is common and C. 
(C.) subulatus is rare in U. Pliensbachian sandstones and 
ironstones. The maximum height attained by C. (C.) sub- 
ulatus in the substage ıs 42 mm (GPIT). 


Sparse records from the U. Toarcian of Germany (see Sec- 
tion 5) are from grey marlstones containing a somewhat re- 
stricted benthic fauna in which C. (C.) subulatus attaıns a 
maximum height of 52.5 mm (STAESCHE, 1926). 


The species is unknown in the low salinity marginal marine 
deposits of the Hettangian ın N. W. Germany (HuckRkIEDE, 
1967) and W. Portugal (Böhm, 1901) and does not appear un- 
tilthe Raricostatum zone (U. Sinemurian) in the transgressive 
sequence of the Lossiemouth borehole (BErRIDGE and 
Iviıney-Cook, 1967). However, LUNDGREN (1881) records the 
species from paralic cyclic sediments in the Hettangian of 
Scanıa although it is not clear whether the species occurs in 
anything but the most fully marine beds. C. (C.) subulatus is 
not recorded commonly in the area until the L. Sinemurian 
when conditions were continuously marine (TROEDssoN, 


1951). 


C. (C.) subulatus ıs not known to occur commonly other 
than in the examples discussed above. However, isolated 
specimens are widely recorded (text fig. 97). 


8. INTERPRETATION OF ECOLOGY 


Apart from an apparent abhorrence of the soupy substrates 
and low oxygen tension associated with bituminous shale de- 
position (indicated by the absence of the species from the 
L. Toarcian of Europe) C. (C.) subulatus seems to have been 
a eurytopic species with respect to substrate. However, 
abundance data indicates a definite preference for argillaceous 
substrates at least after the L. Sinemurian. Since thıs is essen- 
tially the reverse of the pattern exhibited by Entolium (E.) Iu- 
nare it is possible that such niche differentiation was caused 
by competition, perhaps for juvenile attachment sites, be- 
tween earlier, more eurotypic representatives of the species. 


There is little evidence to suggest that C. (C.) subulatus 
could tolerate the high stress environments associated with 
low or fluctuating salinity. The scarcity of the species in sedi- 
ments where the faunal diversity is only somewhat reduced 
suggests that C. (C.) subulatus could only thrive in the most 
stable environments. However, in these cases the absence of 
Pinna, which by its frequent association with C. (C.) sub- 
ulatus may have served as a byssal attachment site (see Sec- 
tion 9), could be the cause of the scarcity of the species rather 
than any intolerance of slightly increased stress. 
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A Recent morphological analogue of C. (C.) subulatus, 
‘Pecten’ alcocki Smith, lives byssally attached to siliceous 
sponges in the bathyal zone (Knupsen, 1972). 


9. FUNCTIONAL MORPHOLOGY 


The thin shell, low convexity and minimal ornamentation 
of all examples of C. (C.) subulatus and the marked byssal 
notch and small adult size of most, are paradigmatic for a bys- 
sally suspended mode of life (tightly fixed). 

It is not clear at what size, ıf any, the Recent analogue 
‘P.” alcocki loses the ability to attach by a byssus. However, 
late populations of C. (C.) subulatus, reaching a maximum 
height of over 50 mm, must be near the upper limit for this 
mode of life and may have been forced to recline in the later 
stages of ontogeny. 

Ontogenetic increase in umbonal angle probably facilitated 
escape from predators by swimming at even the largest sızes. 
In spite of the juxtaposition of radial and divaricate elements 
in the shell, strength and stiffness must have been very low, 
thus it is extremely doubtful whether C. (C.) subulatus could 
have resisted attempted predation by means of a‘siege’ policy. 


10. ORIGINS AND EVOLUTION 


STAESCHE (1926) considered that forms referable to C. (C.) 
subulatus were derived from Chlamys trigeri (a possible 
synonym, see Section 4) in the Planorbis zone. He believed 
the latter species to be synonymous with ‘Pecten’ sımplex 
WINKLER (1861), a species from the Kössen Beds (U. Trias) of 
Bavaria. However, ‘P.’ simplex has strong radial ornament 
and is unlikely to have close affinities with C. (C.) subulatus. 
A more lıkely ancestor for the latter is “Pleuronectites’ 
laevigatus SCHLOTHEIM, a smooth species, common in the 


M. Trias. 


There appear to be no morphological trends in C. (C.) sub- 
ulatus apart from a general increase in maximum height from 
32 mm (Hettangian) to 30.5 mm (L. Sinemurian) to 37.5 mm 
(L. Pliensbachian) to 42 mm (U. Pliensbachian) to 52.5 mm 
(U. Toarcian). This, together with a narrowing of the range 
of favourable substrates, probably indicates the prevalence of 
‘K’ selection (Gouıp, 1977). 

The post U. Toarcian extinction of C. (C.) subulatus may 
have been caused by the widespread development of shallow 
water faciesover N. Europe, producing unfavourable condi- 
tions for late representatives of the species. 


Camptonectes (Camptonectes) auritus (SCHLOTHEIM 1813) 
Pl. 3, Figs. 2540; text figs. 98-107 


Synonymy 
1676  Pectinites; PLOT, p. 104, pl. 4, fig. 11. 


1678 _ Pectinites; LISTER, pl. 9, fig. 51. 
1813 Chamites auritus sp. nov; SCHLOTHEIM, p. 103. 


v* 1818 Pecten lens sp. nov; J. SOWERBY, p. 3, pl. 205, 
figs. 2, 3. 

v* 1818  Pecten arcnata sp. nov; J. SOWERBY, p. 4, pl. 205, 
figs. 5, 7. 


1822 _ Pecten Maltonensis sp. nov; YOUNG and BIRD, 
p»235, pl. Itig.1. 
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Text fig. 98: Camptonectes (C.) auritus — heighr/length. 
v* 1833 Pecten comatus sp. nov; MUNSTER in GOLDFUSS, non 1853 Pecten arcnatus J. SOWERBY; MORRIS and LYCETT, 
p- 50, pl. 91, figs. 5a, 5b. p- 11, pl. 1, fig. 18. 
1939 Pecten Buchi sp. nov; ROEMER, p. 27, pl. 13, 1853  Pecten Saturnus D’ORBIGNY; CHAPUIS and DE- 
figs. 8a, 8b. WALQUE, p. 215, pl. 29, fig. 4. 
1939 _ Pecten lens J. SOWERBY; ROEMER, p. 27. v1858  Pecten lens J. SOWERBY; QUENSTEDT, p. 322, 
1839  Pecten Decheni sp. nov; ROEMER, p. 28, pl. 18, pl. 44, fig. 12, p. 354, pl. 46, fig. 20, pl. 48, fig. 8, 
fig. 25. p- 432, pl. 59, fig. 4 (non pl. 59, fig. 3). 
1839 Pecten arcuatus ]. SOWERBY; BEAN, p. 60. 1860 Pecten lens J. SOWERBY; COQUAND, p. 70. 
1839 _ Pecten lens J. SOWERBY; BEAN, p. 60. ? 1862  Pecten Delessei sp. nov; ETALLON in THURMANN 
? 1843  Pecten lens J. SOWERBY; QUENSTEDT, p. 337. and ETALLON, p. 266, pl. 37, fig. 6. 
1850 Pecten Lusitanicus sp. nov; SHARPE, p. 189, 1862 Pecten Parandieri sp. nov; ETALLON in THUR- 
pl. 24, fig. 3. MANN and ETALLON, p. 266, pl. 37, fig. 6. 
1850 Pecten Saturnus sp. nov; D’ORBIGNY, v. 1, p. 284 non 1863 Pecten Midas D’ORBIGNY, DOLLFUS, p. 79, 
(BOULE, 1910, v. 5, p. 69). pl. 14, figs. 1-3. 
v1850  Pecten Midas sp. nov; D’ORBIGNY, v. 2, p. 54 1864 Pecten lens ]. SOWERBY; V. SEEBACH, p. 99. 
(BOULE, 1932, v. 21, p. 12, pl. 2, figs. 3-6). 1364 Pecten comatus MÜNSTER; V. SEEBACH, p. 99. 
non 1853 Pecten lens ]. SOWERBY; MORRIS and LYCETT, 1866 Pecten morini sp. nov; DE LORIOL in DE LORIOL 


p- 11, pl. 2, fig. 1. 


and PELLAT, p. 107, pl. 10, fig. 6. 


? 1866 


1867 
v" 1867 


? 1869 
1871 

? 1872 
? 1874 
? 1875 
1875 
1879 
non 1880 
v” 1880 
1882 

? 1883 
v” 1883 


1886b 


1886c 


? 1888 
1890 


1893 
1893 
non 1894 
? 1896 

? 1898 

? 1900 

? 1905 

? 1905 


? 1907 
1910 


1915 
v” 1916 


1917 
p 1923 
? 1924 
? 1924 

1925 


1925 


? 1926 
v* 1926 


pv 1926 
vnon 1926 


v" 1926 


Pecten validus sp. nov; LINDSTROM, p. 15, pl. 3, 
figs. 5, 6. 

Pecten lens J. SOWERBY; LAUBE, p. 12. 

Pecten aratus sp. nov; WAAGEN, p. 630, pl. 31, 
fig. 3. 

Pecten lens J. SOWERBY; TERQUEM and JOURDY, 
p- 128. 

Pecten Nitescens sp. nov; PHILLIPS, p. 330, pl. 15, 
fig. 2. 

Pecten Midas D’ORBIGNY; DE LORIOL et al., 
p- 389, pl. 22, figs. 12, 13. 

Pecten subvitreus sp. nov; GEMMELLARO and DI 
BLASI, p. 122, pl. 3, figs. 11, 12. 

Pecten midas D’ORBIGNY; DE LORIOL and PELLAT, 
p> 193. 

Pecten Etalloni sp. nov; DE LORIOL in DE LORIOL 
and PELLAT, p. 197, pl. 22, figs. 8, 9. 

Pecten lens J. SOWERBY; BRANCO, p. 110. 

Pecten midas D’ORBIGNY; DAMON, pl. 17, fig. 4. 
Pecten Clypeatus sp. nov; WITCHELL, p. 131, 
pl. 5, figs. 1a, 1b. 

Pecten gracılis sp. nov; ALTH, p. 294, pl. 21, 
figs. 15, 16. 

Pecten lens J. SOWERBY; LAHUSEN, p. 23, pl. 2, 
figs. 1,2. 

Pecten triformis sp. nov; WHIDBORNE, p. 502, 
pl. 16, fig. 3. 

Pecten Neumayri sp. nov; DE GREGORIO, p. 15, 
pl. 2, figs. 5, 6. 

Pecten anughus sp. nov; DE GREGORIO, p. 10, 
pl.4, figs. 12a-c. 

Pecten lens J. SOWERBY; SCHLIPPE, p. 128. 

Pecten lens J. SOWERBY; TAUSCH, p. 13, pl. 7, 
fig. 9. 

Pecten Nais sp. nov; DE LORIOL, p. 310, pl. 33, 
figs. 3, 4. 

Pecten Letteroni sp. nov; DE LORIOL in DE LORIOL 
and LAMBERT, p. 140, pl. 10, fig. 8. 

Pecten Buchi ROEMER; DE LORIOL, p. 53, pl. 6, 
fig. 7. 

Pecten cf. lens J. SOWERBY; SEMENOW, p. 64. 
Pecten lens J. SOWERBY; GREPPIN, p. 129. 
Chlamys lens (J. SOWERBY); COSSMANN, p. 170. 
Pecten (Camptonectes) arcnatus ]. SOWERBY; 
KıLıaN and GUEBHARD, p. 758. 

Pecten (Camptonectes) lens J. SOWERBY; KILIAN 
and GUEBHARD, p. 758. 

Pecten lens J. SOWERBY; DENINGER, p. 454. 
Camptonectes lens (J. SOWERBY); LISSAJOUS, 
p: 363, pl. 10, fig. 6. 

Pecten lens J. SOWERBY; KRENKEL, p. 296. 
Camptonectes aalensis sp. nov; PARIS and 
RICHARDSON, p. 523, pl. 14, figs. 3a, 3b. 

Pecten lens J. SOWERBY; BORISSIAK and IVANOFF, 
pP: 19, pl. In tigs. 3, 6, 7,9, 11. 

Camptonectes lens (J. SOWERBY); LissAJOUSs, 
p. 165. 

Camptonectes cf. bellistriatus (MEEK); MCLEARN, 
p- 47, pl. 5, figs. 4, 5. 

Camptonectes sp; MCLEARN, p. 47, pl. 5, fig. 6. 
Pecten lens J. SOWERBY; READ et al., p. 80. 
Pecten (Camptonectes) lens J. SOWERBY; DUBAR, 
p. 285. 

Camptonectes lens (J. SOWERBY); ROMAN, p. 175. 
Camptonectes psilonoti sp. nov; STAESCHE, p. 74, 
pl. 3, fig. 2. 
Camptonectes lens 
p- 76, pl. 2, fig. 8. 
Camptonectes lens var. annulatus (J. DE C. SOW- 
ERBY); STAESCHE, p. 79, pl. 3, fig. 12. 
Camptonectes giganteus sp. nov; ARKELL, p. 544, 
pl. 33, fig. 1. 


(J- SOWERBY); STAESCHE, 


v 1930a 
v" 1930a 
pv non 193la 
? 1931 
1931 

p 1934 
non 1934 
1935 

v 1936 
non 1936 
1936 

? 1936 
1936 


1936 


1939 
non 1941 
? 1951 
1952 
1952 

? 1953 
1953 
21957 
1961 


v 1963 
? 1964 


1965 
? 1966 


? 1974 
1974 
197 


1975 
1977 


v 1978 
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Camptonectes lens (]. SOWERBY); ARKELL, p. 94, 
pl. 7, fig. 1, (1931a) pl. 9, figs. 47. 

Camptonectes sandsfootensis sp. nov; ARKELL, 
p- 101, pl. 8, fig. 3. 

Chlamys (Aegqnipecten) midas 
ARKELL, p. 115, pl. 11, figs. 17-21. 
Pecten (Camptonectes) cf. lens J. SOWERBY; SOKO- 
LOV and BODYLEVSKY, p. 55, pl. 4, fig. 7. 

Pecten (Aequipecten) valıdus LINDSTROM; SOKO- 
LOV and BODYLEVSKY, pp. 58, 59, pl. 3, figs. 1,2. 
Pecten (Camptonectes) lens J. SOWERBY; STOLL, 
Px22: 

Pecten (Camptonectes) lens var. annulatus J. DE 
C. SOWERBY; STOLL, p. 22. 

Pecten (Camptonectes) aff. lens J. SOWERBY; 
SPATH, p. 56. 

Camptonectes lens (J. SOWERBY); DECHASEAUX, 
p- 30, pl. 4, figs. 11, 14 (non figs. 9, 9a). 
Camptonectes lens var. exaratus (TERQUEM and 
JOURDY); DECHASEAUX, p. 30. 

Camptonectes Mairei sp. nov; DECHASEAUX, 
p- 37, pl. 5, figs. 8-10. 

Camptonectes aalensıs PARIS and RICHARDSON; 
WANDEL, p. 480. 

Camptonectes morini (DE LORIOL); SPATH, p. 105, 
pl. #1, figs. 5, 6. 

Camptonectes suprajurensis (BUVIGNIER); SPATH, 
p- 106, pl. 41, figs. 24, pl. 42, fig. 9, pl. 43, fig. 4 
(?BUVIGNIER sp.). 

Camptonectes lens (J. SOWERBY); STEFANINI, 
p- 173, pl. 99, fig. 12. 

Pecten (Camptonectes) lens J. SOWERBY; LEANZA, 
p- 173, pl. 10, figs. 1, 2. 

Chlamys interpunctata sp. nov; TROEDSSON, 
p- 214, pl. 20, fig. 18. 

Camptonectes auritus (SCHLOTHEIM); COX, p. 23, 
pl. 2, fig. 6. 

Camptonectes lens (J. SOWERBY); MAKOWSKI, 
p- 17. 5 
Camptonectes grandis (HECTOR); MARWICK, 
p- 100, pl. 4, figs. 6, 7. 
Camptonectes giganteus 
p- 70, pl. 15, fig. 1. 
Camptonectes bellistriatus 
p-21 

Camptonectes cf. aurıtus (SCHLOTHEIM); HAY- 
AMI, p. 319. 

Camptonectes sp; KIRKALDY, p. 129. 
Camptonectes stygius (WHITE); IMLAY, p. 25, 
pl. 2, figs. 1-10. 

Camptonectes auritus (SCHLOTHEIM); COX, p. 54. 
Camptonectes lens (J. SOWERBY); BEHMEL and 
GEYER, p. 28. 

Camptonectes bellistriatus (MEER); R. WRIGHT, 
pp- 428, 430. 

Camptonectes greenhoughi sp. nov; SKWARKO, 
p- 80, pl. 26, figs. 11, 13-17. 
Camptonectes sandsfootensis 
p- 217. 

Camptonectes giganteus ARKELL; SYKES, p. 218. 


(D’ORBIGNY); 


ARKELL; DONOVAN, 


(MEER); FREBOLD, 


ARKELL; SYKES, 


Camptonectes (Camptonectes) morini (DE LORIOL); 
KELLY, p. 77, pl. 5, figs. 1-5, 7-9. 

Camptonectes (Camptonectes) auritus (SCHLOT- 
HEIM); DUFF, p. 66, pl. 5, figs. 22, 25, text. fig. 22. 


Neotype of Chamites auritus SCHLOTHEIM 
1813, p. 103 designated by Durr, 1978, p. 66; 
BM 180525; figured Durr, 1978, pl. 5, 
fig. 25; Pl. 3, Fig. 25 herein; Shell-cum- 
Pebble Bed (Oxfordian), Headington, Ox- 
ford. 
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Text fig. 99: 


1. ORIGINAL DIAGNOSIS AND DESCRIPTION 


None given; reference to Lister (1678, pl. 9, fig. 15). 


2. DIAGNOSIS 


Distinguished from C. (C.) laminatus by the generally 
finer ornament, from C. (C.) subulatus by the presence of 
ornament onall parts of the disc and from C. (C.) virdunensis 
by the more orbicular disc. 


3. DESCRIPTION 


Disc sub-ovate, higher than long early in ontogeny, grow- 
ing allometrically to become sub-orbicular and finally sub- 
ovate, longer than high (text fig. 98), near the maximum 
height of 150 mm (OUM ]2361). Umbonal angle very varı- 
able (text fig. 99),increasing at a decreasing rate during on- 
togeny. Dorsal margins concave, disc flanks low. 

Inequilateral, anterior greater than posterior half length; 


inequivalve, low convexity, left valve more convex than right. 


UA 


Camptonectes (C.) auritus — height/umbonal angle. 


Intersinal distance variable, greater in left valve than right, 
apparently increasing with respect to length at a slower rate ın 
U. Jurassic cf. M. Jurassic representatives (text figs. 100, 
101). Byssal notch depth variable, moderate to large (text 
fig. 102), increasing isometrically. 

Auricles well demarcated from disc, varıable ın size, an- 
terior larger than posterior. Anterior auricle of right valve 
meeting hinge line and disc at about 90°. Other auricles meet- 
ing hinge line at an obtuse angle and disc at an acute angle. All 
auricles ornamented with fine comarginal striae. Posterior au- 
ricle of right valve also bearing divaricate striae. 

Height of anterior auricle and length of anterior hinge vari- 
able, increasing with respect to length ata decreasing rate in all 
populations (text figs. 103, 104). Length of posterior hinge 
variable, increasing with respect to length at a slower rate in 
U. cf. M. Jurassic representatives (text fig. 105). 

Disc exterior ornamented with a variable number of fine di- 
varicate striae (e. g. Pl. 3, Figs. 32, 33) increasing in number 
by intercalation and rendered ‘punctate’ by the intersection of 
growth lines. 


Shell thickness low to moderate. 
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Text fig. 100: Camptonectes (C.) aurıtus — intersinal distance on left valve/length. 


4. DISCUSSION 


The systematics of the essentially finely-ornamented and 
orbicular species of C. (Camptonectes) described above has 
been the subject of much, often heated, debate. Failure to ap- 
preciate the range of static, ontogenetic and ecophenotypic 
variation in both ornamentation and metric proportions, al- 
lied to the typological approach of early authors has led to the 
designation of a plethora of specific names. The indiscrimi- 
nate Jumping of many of these names by early revisionists 
who failed to examine type material has led to a secondary 
source of confusion (see Arkeıı, 1930a for a review). How- 
ever, later revisionists have also been lamentably at fault ın 
their failure to unite stratigraphically separated but mor- 
phologically indistinguishable forms. The result is almost un- 
paralleled nomenclatural chaos. 


Minor differences in metric proportions of early and later 
populations (see Section 3) of individuals whose ornament ıs 
within the range defined by Pl. 3, Figs. 32, 33, can be ex- 
plained as the result of phyletic neoteny (see section 10), since 


there is no evidence for the existence of separate lineages. 
Similarly the availability of an explanation in terms of stunting 
(see Sections 8, 10) does not favour the recognition of certain 
localised populations, typified by alow H/UA ratio, as sepa- 
rate species. Ecophenotypic’ rather than ‘genetic’ variation 
can also be held to account for the existence of specimens with 
relatively strong comarginal ornament (Pl. 3, Fig. 31) and 
specimens with the median sector of the shell unornamented 
(Pl. 3, Fig. 38). The former is probably the result of some en- 
vironmental disturbance (as might be caused by tides, storms 
or attempted predation) interrupting the normal pattern of 
growth (Crark, 1974) while the latter is almost certainly the 
result of abrasion since it is confined to those parts of the shell 
which have been exposed to the environment for the longest 
period. Moreover in paired valves it is invariably the right 
valve (which was almost certainly in contact with the sub- 
strate and therefore subject to the most abrasion) which ex- 
hibits reduced ornamentation. 

The framework of variation erected above is the basis for 
the following taxonomic discussion. 
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Text fig. 101: Camptonectes (C.) auritus — intersinal distance on right valve/length. 


Type specimens which are inseparable from the species de- 
scribed in Section 3 by metric criteria are: — 
1. The syntypes of ‘Pecten’ lens J. Sowerev (BM L80525, 
43326; Pl. 3 Fig. 25). 
2. A syntype of ‘P.’arcnata J. Sowersy (BM L80528; 
Pl. 3, Fig. 30). 
3. The sole observed type of ‘P.’ comatus MUNSTER 
(BSPHG AS VII 634; Pl. 3, Fig. 27). 
4. The sole observed syntype of ‘P.’ aratus WAAGEN 
(BSPHG AS XXII 32; Pl. 3, Fig. 34). 
5. The sole observed type of ‘P.’ Letteroni pr LorıoL 
(MNS B03988; Pl. 3, Fig. 28). 
6. The sole observed syntype of Camptonectes aalensis 
Parıs and RıcHarpson (BM L41942; Pl. 3, Fig. 40). 
7. The holotype (M) of C. Psilonoti StarscHe (GPIT). 
8. A syntype of C. gigantens Arkeıı (OUM J2359). 
Figures oftype and original specimens indistinguishable by 


metric criteria from the species described in Section 3 are 
those of: — 


9. Pectinites PLor. 

10. ‘P.’ Decheni RorMmER. 

11. ‘P.’ Lusitanicus SHARPE. 

12. ‘P.’ Midas v’Orsıcnv (Boute, 1932). 

13. ‘P.’ Parandieri EraLLon. 

14. ‘P.’ morinı DE LOoRIOL. 

15. ‘P.’ Etalloni ve LorıoL. 

16. ‘P.’ gracilis ALtH. 

17. ‘P.’ Naıs DE LorıoL. 

18. C. sandsfootensis ArkeıL (paratypes: OUM ]2360, 
12361). 

19. C. Mairei DECHASEAUX. 

20. C. suprajurensis (BUVIGNIER); SPATH (see p. 131 for a 
discussion of BUVIGNIER’S species). 


Of the above species, numbers 4, 6,7, 8,9, 13, 16and 18 re- I} 
fer to specimens which are unornamented in the median sec- 
tor of the shell while 19 refers to a specimen with strong co- 
marginal ornament, both of which characteristics are consid- 
ered to be features of ‘ecophenotypic’ variation (see above). | 


| 


b. 
®% 
ei 
& [\ 
ah ß 
.o ® 
N © ie 
ad a a 
= 07 08 
AV Ad 
= ß ö 
4 ie A 
7 4 
wo 0 © 
“4 
70 mTVhhh 
a 8 [ 
va 
ah 
= T T T T T T T T Dal Iz T 
20 40 60 80 
e 
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Text fig. 104: Camptonectes (C.) auritus — anterior hinge length/length. 


The remaining measured species exhibit the typical ornament 

of the species described in Section 3. Ark£Lı (1926) considered 

that large size (H: = 125) was sufficient ground for erect- 

ing C. giganteus (8) but the presence of intermediate sized 
specimens (text fig. 98) belies this reasoning. The abnormally 
high H/UA ratio considered by Arktıı (1930a) to be distinc- 
tive of C. sandsfootensis is merely the result of incorrect meas- 
urement. The original figure yields a value (H: 123, UA: 
— 145) well within the range of text fig. 99 projected to larger 
sizes. 

The original figure of ‘P.’ Delessei ErauLon (21) is insepar- 
able from the species described in Section 3 by L/AH, L/PH, 
L/I, and L/HAA but the anomalously high H/L and H/UA 
suggest that it may be equivalent to ©. (C.) suprajurensis. 
‘P.” subvitreus GEMMELLARO and Di Brası (22) has an anomal- 
ously low H/UA but this could well be due to imprecise meas- 
urement by the authors of the species. H/L and L/AH of the 
original figure is inseparable from the species described ın Sec- 
tion 3. The figure of ‘P.’ Buchi ROEMER apprently depicts a 
left valve which has been reversed through the process of 
printing from a copper engraving. Further inaccuracıes ın re- 
production may account for the seemingly high H/UA and 
L/AH (23) of a specimen whose ornament and other metric 
proportions are indistinguishable from the species described 
in Section 3. 

Species for which types and figures are either unavailable or 
of insufficient quality for measurement are considered below. 


C. cf. bellistriatus (MEEk); MCLEARN and C. sp; MCLEARN 
from N. America have ornament which is within the range 
defined by Pl. 3, Figs. 32, 33. However, a specimen referred 
to the former species (BM L58934) from the Oxfordian of 
Wyoming has an exceptionally low H/UA (24) thus it may be 
that finely ornamented N. American C. (Camptonectes) are 
specifically distinet. C. grandis (Hector); Marwıck from 
N. Zealand is indistinguishable on the basis of ornament but 
is reported to have only a small byssal notch. Although the 
size of the latter is variable in the species described in Sec- 
tion 3 it seems unwise at present to synonymise the species. 


‘P.’ triformis Wnipsorne (holotype BM L73166; Pl. 3, 
Fig. 35), ‘P.’ nitescens PHitLips and C. stygius (White); Im- 
Lay are characterised by alack of ornament in the median shell 
sector, which may be considered an aspect of ‘ecophenotypic’ 
variation (see above). C. stygins is however derived from 
N. America and therefore cannot be certainly synonymised 
with the species described in Section 3 (see above). 


Bour£ (1910) considered the single type of ‘P.’ Saturnus 
D’Orsıcny in the MNO to be specifically indeterminate and 
created a neotype from the specimen figured in CHapuis and 
Drwaroue (1853). The general form and ornamentation of the 
latter is indistingusihable from the species described in Sec- 
tion 3 as are the original figures of ‘P.’ Maltonensis YOUNG 
and Bırn, ‘P.’ Neumayri DE GREGORIO, ‘P.’ anughus DE GRE- 
sorıo and C. greenhoughi SkWARKo, the syntypes of 
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Text fig. 105: 


‘P.’ Clypeatus WırcHeLL (BM L17536; Pl. 3, Fig. 37),and the 
originals of C. sp. KırkaLpy (OUM J17551-3). 


‘P.’ validus Linpsrrom from the Kimmeridgian is appar- 
ently a worn example of the species described in Section 3. 
The general shape and large size (H: 125) allow only that it 
might be a representative of C. (Camptochlamys) obscurus. 
SokoLov and Bopyrevsky (1931) have applied Linpstrom’s 
specific name to forms which undoubtedly belong to the 
former species. Chlamys interpunctata TROEDSSON is reported 
to possess “Camptonectes-ornament’ but since it is derived 
from the L. Lias it may be a well preserved representative of 
©. (C.) subulatus. BEHuMEL and Grver’s (1966) unillustrated 
record of ‘P.’ lens from the Lias seems to refer to a genuine 
example of the species described in Section 3. Unillustrated 
Bathonian records of J. Sowergy’s species (1) (QUENSTEDT, 
1843; TERQUEM and Jourpy, 1869; ScHLiPPE, 1888; SEMENOW, 
1896; Greprin, 1898; Cossmann, 1900; Kırıan and 
GUE£BHARD, 1905; DENINGER, 1907; Lissajous, 1923; ROMAN, 
1926) must be treated with great caution because of the possi- 
bility of confusion for the much more common Bathonian 
species C. (C.) laminatus. Prior to Arkeır’s (1930a) descrip- 
tion and illustration of J. and J. DE C. Sowersy’s types 
‘P.’ lens was interpreted very broadly. Thus StAesche (1926) 
not only included forms referable to C. (C.) laminatus within 
his hypodigm for C. lens (not the figured specimen) but also 
regarded forms which the present author places in C. (Camp- 
tochlamys) obscurus as being separable from C. lens only at 
the varietal level (see p. 137 for a discussion of this and other 
“varieties’ of ‘P.’ lens). Morrıs and Lycertt (1853) also misin- 
terpreted J. SowErsy’s hypodigms in assigning coarsely or- 
namented Bathonian specimens (= C. (C.) laminatus) to 
‘P.’ lens and ‘P.” arcuatus (2) while Quensteor (1858, pl. 59, 
fig. 3) included a specimen with radial striae (= C. (Cc.) obs- 
curus) within his hypodigm for ‘P.’ lens. 


Even following Arkeır’srevision, J. Sowersy’s hypodigms 
have been misinterpreted. Thus Leanza (1942) refers to 
‘P.’ (C.) lens a specimen from the Lias of Argentina which 
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has radial rather than divaricate striae and an abnormally high 
H/UA (25). A Bathonian specimen (pl. 4, figs. 9, 9a) referred 
to ©. lens by DecHasraux (1936) has the coarse ornament of 
C. (C.) laminatus although another (pl. 4, fig. 11) appears to 
be a genuine example of C. lens. Specimens from the Bath- 
onian referred to ‘P.’ (Camptonectes) lens by SroıL(1934) 
very probably belong in C. (C.) laminatus. 


Other secondary references to synonymous species which 
are based on specimens which may be outside the range of the 
species described in Section 3 include ‘P.’ lens ]J. SOwERBY; 
LAaHusen and ‘P.’(C.) cf. lens ]J. SOwErBY; SokoLOV and 
Bopyre£vsky (both based on specimens with strong comargınal 
ornament which may belong in €. (Cc.) obscurus), ‘P.’ (C.) 
arcnatus J. SOwWERBY; Kırıan and GU£BHARD (based on unfig- 
ured Bathonian specimens probably referable to C. (C.) 
laminatus) and C. aalensıs Parıs and RicHARDSON; WANDEL 
(based on a specimen (26) with abnormally high H/UA). The 
specimens referred to D’Orsıcny’s species P. Midas (12) by 
Dorrrus (1863), Damon (1880) and Arkeıı (1931a) are clearly 
representatives of late populations of Radulopecten fibrosus. 
With the evident possibility of confusion inadequately 
characterised references to D’ORBIGNY’s species in DE LORIOL 
et al. (1872) and pr Lorıor and PrıLar (1875) cannot confi- 
dently be synonymised with the species described in Sec- 
tion 3. The specimen fıgured as ‘P.’ Buchi RormEr by DE 
Lorıor (1894) has an abnormally high H/UA (27) and is refer- 
able to C. (C.) virdunensıis. 

SCHLOTHEIM’S (1813) 
founded on the figure of Pectinites in Lister (1678), itself a 
copy of the figure (discussed above) in PLor (1676), provides 


‘Chamites’ auritus, which was 


the earliest available specific name for the species described ın 
Section 3. Durr (1978: 66) has designated an appropriate 
neotype. In the interests of brevity secondary references to 
synonymous species are excluded from the synonymy except 
where they differ from the original hypodigm or are of relev- 
ance to Sections 5-10. Further citations may be traced either 
directly or through synonymy lists in v. Zıeten (1833), 


Text fig. 107: Camptonectes (C.) auritus - World distribution (Callovian reconstruction). 


RoEMER (1836), v. Buch (1839), Bronn (1852), QUENSTEDT 
(1852), Opreı (1858), CONTEJEAN (1859), WAAGEN (1867), DE 
Lorıor and PrıLAr (1875), WHIDBORNE (1883), FIEBELKORN 
(1893), Parona (1895), Cossmann (1914), Parıs and RICHARD- 
son (1916), Lewinskı (1923), STAESCHE (1926), ArKELL (1930a), 
DecHaseaux (1936) and Durr (1978). 


5. STRATIGRAPHIC RANGE 


- The earliest record of €. (C.) auritus is a single specimen 
from the Planorbis zone (Hettangian) of $. Germany 
(STAESCHE, 1926). Specimens from the L. Lias of Sweden 
(Troeosson, 1951) and the M. and U. Lias of Spain (BEHMEL 
and Grver, 1966) may be conspecific and specimens from un- 
differentiated Lias in the Alps (Tausch, 1890) are almost cer- 
tainly conspecific (see Section 4). A number of examples, 
reaching a maximum height of 33 mm, are preserved on a 
block from the Posidonienschiefer (L. Toarcıan) of S. Ger- 


many (BSPHG) but only one specimen from Northants (BM 
189415; Pl. 3, Fig. 36) is recorded in the U. Toarcıan. 


The species becomes locally very common in the Aalenıan 
and Bajocian but is exceedingly rare in the Bathonian. The fol- 
lowing Bathonian specimens in the BM are probably referable 
to C. (C.) auritus: L24155, L24156, L74364, L76505 and 
L97129. Probable Bathonian records from France (De- 
CHASEAUX, 1936) and Greenland (Donovan, 1953) together 
with anumber of dubious records are discussed in Section 4. 


In suitable facıes C. (C.) auritus ıs found in all stages to the 
Tithonian and Keııy (1977) records the species from the 
Ryazanıan stage in the Cretaceous of E. England. 


6. GEOGRAPHIC RANGE 


C. (C.) auritus is much more common in the northern parts 
ofthe European region (text fig. 106) but this is probably are- 


flection of the northerly distribution of the appropriate facies 
(see Section 8) rather than an indication of a temperature de- 
pendance. Outside Europe (text fig. 107) the species has a 
palaeolatitudinal range of about 150° (maximum of 100° 
[Kimmeridgian] in any one stage). After the L. Jurassic C. 
(C.) auritus appears to have attained an almost worldwide 
distribution although there are doubts about records from 
N. America and the E. Indies (see Section 4) and no known 
occurrences in S. America. The fact that C. (C.) aunrıtus ıs 
only known from one locality (E. Greenland; Donovan, 
1953) in the Bathonian outside Europe makes it implausible to 
attribute the extreme rarity of the species at that time within 
Europe (see Section 5) to a migration elsewhere. 


7. DESCRIPTION OF ECOLOGY 


C. (C.) anritus occurs in a wide variety of facies in the 
Aalenıan of Europe. It is particularly common in the North- 
ampton Sand Ironstone (Opalinum zone), a chamosite oolıte 
containing a diverse fauna (see p. 26). It is also common in 
oolitic and pisolitic limestones of the Murchisonae zone in the 
Cotswolds where it reaches a maximum height of 52 mm 


(OUM J1913). 


In the Bajocıan of Yorkshire the species occurs abundantly 
at certain impure limestone horizons in the Scarborough 
Formation. The fauna is restricted (dominated by Gervillella 
together with Ciucullaea, Astarte, Cloughtonia and 
Psendomelania) and C. (C.) aurıtus ıs characteristically small 
(maximum height 43 mm; YM 531a) and has a low H/UA 
ratio. In the Millepore Bed, a sıderitic sandstone with a more 
diverse fauna (the above together with Trigonia, 
Pholadomya, bryozoa, crinoids and regular echinoids), C. 
(C.) auritus is less common but reaches a maximum height of 
72.5 mm (YM 531a). Similarly large sizes are reached by the 


species in the fully marine Bajocıan deposits of S. Germany. 


The species is extremely rare in the Bathonian (see Sec- 
tion 5), when C. (C.) laminatus is common, and ıs also rare 
in the argillaceous facies widely developed in the Callovian. 
However, in more littoral shallow water facıes such as the 
limestones and sandstones of Yorkshire (U. Cornbrash, Kel- 
laways Rock, Hackness Rock), Scotland (Brora Roof Bed), 
Poland and the Baltic Region C. (C.) auritus ıs locally com- 
mon and reaches a maximum height of 61 mm (MNO 3399). 


In the Oxfordian the species is found in a variety of shallow 
water, level bottom environments but appears to show a pre- 
ference for oolites (e. g. Malton Oolite, Yorkshire). Contrary 
to Arkerr’s opinion (1930a) the species is seldom abundant as 
is demonstrated by the fact that it contributes to none of the 
trophic nuclei of the benthic faunal associations studied by 
FürsıcH (1977). Oxfordian C. (C.) auritus ıs always found 
with a high diversity fauna and the maximum height attained 
is 150 mm (OUM J2361). 

The species is not common in the L. Kimmeridge Clay 
(Kimmeridgian) but in the more marginal sandy facies de- 
veloped in the upper part of the formation (M. Tithonian) in 
England (Hartwell Clay) and N. W. France (Assises de Croi) 
it is locally abundant. Maximum size (H: 34, BM L35267) ıs, 
however, small and the H/UA ratio is generally low. /n- 
operna is a particularly common faunal associate. 


In the U. Tithonian C. (C.) auritus accurs in algal lime- 
stones (Townson, 1971) in Portland and the Boulonnais where 
it reaches a maximum height of 26 mm (BM L52436). The 
species is rare in more open marine deposits where C. (Camp- 
tochlamys) obscurus is common. 


A few specimens are recorded from the Purbeck beds near 
Oxford (Kırkaıpy, 1963). 


The above description concentrates on the common and 
unusual occurrences of C. (C.) auritus. Specimens may in fact 
be found at almost all horizons in the M. & U. Jurassic of 
Europe. Notable exceptions, additional to those discussed 
above and in Section 5, are the Oxfordian-Tithonian coral 
reef facies of central and southern Europe, where almost all 
specimens of C. (Camptonectes) are referable to C. (C.) vir- 
dunensis (see p. 131), and the deep water pelagic limestone 
faciesoftheM. and U. Jurassic in the peri-Mediterranean re- 
gion where there ıs only one doubtful record (GEMMELLARO 
and Dı Bıası, 1874; see Section 4), and that from a probable 
submarine high. 


8. INTERPRETATION OF ECOLOGY 


It is clear from Section 7 that C. (C.) auritus was aremark- 
ably eurytopic species. Although the soft or soupy substrates 
characteristic of clay or limemud deposition were not appar- 
ently suitable, almost all other substrates, including shifting 
oolite shoals, were colonised. The species was also able to tol- 
erate environments of high physical stress. Thus it is found in 
Tithonian algal limestones which were probably deposited ın 
very shallow sub-tidal or inter-udal situations (SELLWOOD, 
1978) where exposure and wave disturbance must have been 
frequent. Hartam (1976) has also suggested that Camp- 
tonectes was able to tolerate salinities within the upper 
brachyhaline regime (24-30%) and the occurrence of C. (C.) 
auritus in the Purbeck formation, a sequence of marine, la- 
goonal and freshwater beds (Anperson and Bazıeyv, 1971), 
supports this general thesis (but see p. 113). While the records 
of €. (C.) anrıtus are probably from the most fully marine 
horızons, the lack of any other pectinids suggests that salinity 
was liable to at least short-term fluctuations. Although am- 
monites do occur in the Scarborough Formation the reduced 
faunal diversity of the beds containing C. (C.) auritus ıs gen- 
erally suggestive of low environmental stability, with perhaps 
a higher incidence of storms being of controlling importance 
rather than salinity varıations. JorDan (1971) has reinter- 
preted the Kimmeridgian/Tithonian sequence of L. Saxony 
in terms of increasing rather than decreasing salinity so the 
lack of C. (C.) auritus suggests that euryhalinity did not ex- 
tend to a tolerance of hypersaline conditions. However, 
somewhat rare occurrences of the species in bituminous shales 
in the L. Toarcıan (see Section 5) and M. Callovian (Durr, 
1978) suggest that C. (C.) auritus had some ability to with- 
stand reduced oxygen tension and there is good evidence of an 
ability to tolerate various temperatures (see Section 6). 


Although a eurytopic species, the size, shape and numbers 
of €. (C.) anritus seem to have been considerably influenced 
by the environment. Open marine situations characterised by 
a high diversity fauna supported small populations of large 
individuals with a hıgh H/UA ratio. Marginal marine en- 
vironments with a lower diversity fauna supported larger 
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populations of relatively small individiduals with a low 
H/UA ratio. At first sight the correlation of size and numbers 
with distance from shoreline suggests that the species could 
adopt a range of adaptive strategies within the ‘K-r’ spectrum 
to allow colonisation of both biologically accommodated and 
physically controlled biofacies. However, the pattern of 
shape variation is not in accordance with this interpretation. 
Since umbonal angle increases during ontogeny one may con- 
clude that individuals with a low H/UA ratio (from marginal 
marine situations) have grown more slowly, in complete con- 
tradiction to the normal policy of ‘r’ strategists. This might be 
explained by a strong correlation between shape and de- 
velopmental stage, in which case precocious maturation and 
short life span could be invoked for marginal marine popula- 
tions. This hypothesis could be tested by an analysıs of 
growth lines. In the present absence of data for the latter and 
with support for the hypothesis from the evolution of €. (C.) 
auritus (see Section 10), the author prefers to adopt the view 
that marginal marine populations are stunted as a result of 
high environmental stress. It is suggested that the anomal- 
ously large number of individuals may be the consequence of 
areduced incidence of predation, as has been demonstrated in 
Recent shallowwater communities by Jackson (1974). 

A close Recent morphological analogue of C. (C.) auritus 
is Cyclopecten vitrea (GmeLin), a bathyal species (KnuDsen, 
1970). The frequent association of C. (C.) auritus with en- 
dobyssate mytiloid and pterioid bivalves suggests that 
Chlamys varia (Linnarus), which is found attached to the 
Horse Mussel Modiolus modiolus (A. BRAND, pers. comm., 
1976), may be a closer Recent ecological analogue than Cy. 
vitrea. 

The paucity of C. (C.) auritus in open marine environ- 
ments in the Tithonian may be explained by competition with 
C. (Camptochlamys) obscurus, which is common in such en- 
vironments. The species are not known to coexist in numbers 
at earlier horizons. The rarity of C. (C.) auritus in reef facies 
intheU. Jurassic and in all facies in the Bathonian may also be 
explained by competition (with respectively C. (C.) vir- 
dunensis and C. (C.) laminatus). However, the cause of the 
rarıty of C. (C.) auritus inthe_L. Jurassic is more easily attri- 
buted to the widespread development of unfavourable argil- 
laceous facies than to competition with the common species 


©. (C.) subulatus. 


9. FUNCTIONAL MORPHOLOGY 


The existence of a moderate to large byssal notch indicates 
that C. (C.) auritus was byssally attached, at least early in on- 
togeny. Adult individuals, especially of later populations, 
probably gained stability mainly by virtue of their relatively 
heavy shells. 

The thin shell, low convexity, subdued ornamentation and 
ontogenetic increase in umbonal angle of C. (C.) auritus indi- 
cate that swimming was a possibility. Phyletie reduction ın 
the rate of H/UA increase, facilitating escape from predators 
by swimming at larger body sizes, is probably causally related 
to a parallel increase in maximum height. 

SEILACHER (1972) has suggested that the apparent difficulty 
of programming the growth of divaricate ornament must im- 
ply great functional significance where it is present. In this re- 


spect one might argue that ‘Camptonectes-ornament’ pro- 


vides reinforcement for athin and therefore weak shell. How- 
ever, SEILACHER also argues that varıability should be low in 
functional structures thus the great variation in the ornament 
of C. (C.) anritus presents a paradox. This could be resolved 
by invoking individual adaptatıon and an analysis of the de- 
velopment of ornament along the lines adopted for 
Radulopecten vagans (see JoHNnson, 1981) might be used to 
explore this possibility. 


10. ORIGINS AND EVOLUTION 


Since ©. (C.) auritus is found in the Planorbis zone its orı- 
gins may lie outside the Jurassic. True “Camptonectes-orna- 
ment’ ıs however unknown in the Triassic, the striking orna- 
ment exhibited by Filopecten filosus (v. Hauer) being the 
nearest approach to it (see ALLasınaz, 1972, pl. 40, figs. 1-7, 
pl. 41, figs. 1-3). 

Insufficient data is available to assess the extent of phyletie 
evolution within L. Jurassic C. (C.) auritus. However, inM. 
& U. Jurassic representatives evolution is apparent in several 
characters although the variability of the species does not 
make for accurate documentation. 


Oxfordian populations exhibit a slower rate of increase in 
PH, I, and Ig with respect to length than their Bajocian ances- 
tors. In the latter at least PH/L and Iy/L increase during on- 
togeny thus Oxfordian populations may have evolved by the 
retardation of shape development relative to size. In the ab- 
sence of absolute age data it is impossible to say whether later 
representatives have actually developed more slowly or sim- 
ply grown faster. In each of the preceding cases the paucity of 
data from intermediate stages precludes an evaluation of the 
tempo of evolution. However, data for maximum height is 
available from anumber of levels and seems to indicate an os- 
cillatory pattern in an overall increase from Aalenian to Ox- 
fordian (Aalenian, 52 mm; Bajocian, 72.5 mm; Callovian, 
61 mm; Oxfordian, 150 mm). In fact the low Callovian value 
may well be an artefact of the limited number of museum 
specimens available for measurement from the stage thus 
maximum height could exhibit a smooth increase. The 
marked reversal to the trend in the Tithonian (Hnax: 34) could 
also be due to limited data but is more probably the result of 
stunting (through restriction of the species to high stress en- 
vironments, see Section 8). 


Phyletic increase in size and retardation of somatic de- 
velopment are indicative of ‘K’ selection (Gouıp, 1977). This 
provides further evidence for the view that individuals of 
small size with low H/UA from marginal marine situations 
are the products of stunting rather than facultative progenesis 
(see Section 8). Progenesis appears to be correlated with ‘r’ 
selection yet even late, “K’ selected, populations of C. (C.) 
auritus may exhibit small size and a low H/UA. 


Camptonectes (Camptonectes) laminatus (J. SOwErBY 1818) 
Pl. 4, Figs. 10, 12-16, ?Fig. 11; text figs. 108-117 


Synonymy 
v” 1818 Pecten laminata sp. nov; J. SOWERBY, p. 4, 
pl. 205, fig. 4. 
v” 1818 Pecten similis sp. nov; J. SOWERBY, p. 5, pl. 205, 


fig. 6. 


1818 _ Pecten rigida sp. nov; J. SOWERBY, p. 5, pl. 205, 
fig. 8. 
1850  Pecten Langrunensis sp. nov; D’ORBIGNY, v. 1, 
p- 314 (BOULE, 1912, p. 93). 
1853 Pecten Woodwardii sp. nov; MORRIS and LYCETT, 
p- 8, pl. 1, fig. 20. 
1853 Pecten arcuatus ]. SOWERBY; MORRIS and LYCETT, 
p- 11, pl. 1, fig. 18 (non J. SOWERBY sp.). 
1853 _ Pctenlens J. SOWERBY; MORRIS and LYCETT, p. 11, 
pl. 2, figs. 1, 1a (non J. SOWERBY sp.). 
1863 _ Pecten rıgidus J. SOWERBY; LYCETT, p. 31, pl. 40, 
fig. 16. 
Pecten anguliferus sp. nov; TERQUEM and JOURDY, 
p-. 128, pl. 13, fig. 16. 
1871 Pecten divarıcatus sp. nov; PHILLIPS, p. 240, 
pl. 11, fig. 29. 
1883  Pecten puellaris sp. nov; WHIDBORNE, p. 501, 
pl. 19, figs. 3, 3a. 
1905 Pecten (Camptonectes) rıgidus J. SOWERBY; KiL- 
IAN and GUEBHARD, p. 758. 
1905 Pecten (Camptonectes) rıgidus J. SOWERBY; KiL- 
IAN and GUEBHARD, p. 758. 
Camptonectes lens (J. SOWERBY); STAESCHE, p. 76, 
pl. 2, fig. 8 (non J. SOWERBY sp.). 
1932 Camptonectes rıgidus (J. SOWERBY); SPATH, 
p- 113, pl. 5, fig. 4, pl. 10, fig. 5. 
? 1933 Pecten (Chlamys) curvivarıans sp. nov; DIETRICH, 
p- 63, pl. 81, figs. 122, 123. 
v 1936 Camptonectes lens (J. SOWERBY); DECHASEAUX, 
p- 30, pl. 4, figs. 9, 9a (non figs. 11, 14, non 
J- SOWERBY sp.). 
p 1948 _Camptonectes laminatus (J. SOWERBY); COX and 
ARKELL, p. 13. 
1948 Camptonectes rigidus (J. SOWERBY); COX and 
ARKELL, p. 13. 
? 1950 Camptonectes laminatus (J. SOWERBY); CHAN- 
NON, p. 248. 
Chlamys curvivarians (DIETRICH); COX, p. 8, 
pl. 2, figs. 5, 8. 
1953 __Camptonectes cf. laminata (J. SOWERBY); MAR- 
WICK, p. 100, pl. 10, fig. 11. 
1959 Camptonectes inexpectatus sp. nov; HAYAMI, 
p- 70, pl. 7, figs. 4, 5. 
? 1961 Camptonectes rıgidus (J. SOWERBY); ROSSI RON- 
CHETTI and FANTINI SESTINI, p. 122, pl. 13, 
figs. 1, 2. 
1961 Camptonectes sp; ROSSI RONCHETTI and FANTINI 
SESTINI, p. 123, pl. 13, fig. 4. 
1964 Camptonectes laminatus (J. SOWERBY); J-C. 
FISCHER, p. 18. 
1964 __ Camptonectesrigidus (J. SOWERBY); J-C. FISCHER, 
p- 19. 
1964 _ Camptonectes plattessiformis (WHITE); IMLAY, 
p- 26, pl. 2, figs. 11-14. 
1967 Camptonectes platessiformis (WHITE); IMLAY, 
P-29spl. 2, ties.41,2: 
p 1978 _ Camptonectes laminatus (J. SOWERBY); BRAD- 
SHAW, p. 313. 


v” 1869 


pv 1926 


non 1952 


Holotype (M) of Pecten laminata J. SOwERBY 
1818, p. 4, pl. 205, fig 4; BM 43327; Pl. 4, 
Fig. 14 herein; Forest Marble (see Arkeıı, 
1930a: 96) or L. Cornbrash (both Bathonian), 
Chatley Lodge, Somerset. 


1. ORIGINAL DIAGNOSIS AND DESCRIPTION 


‘Spec Char. Suborbicular, depressed, striated; striae 
arched, diverging: ears triangular, unequal; the largest 
plaited. 
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Text fig. 108: Camptonectes (C.) laminatus — heighr/length. 


The striae are slightly undulated; to the naked eye they ap- 
pears smooth, but when carefully examined with a lens, min- 
ute lines may be traced across them. The plaits upon the ear 
form a strong character, whence the name. 


In shelly limestone (Cornbrash) at Chatley Lodge, in 


Somersetshire.” 


2. AMENDED DIAGNOSIS 


Distinguished from all other species of C. (Camptonectes) 
by the coarseness of the divaricate ornament on the disc and 
the strength of the comarginal lamellae on the anterior auricle 
of the left valve. 


3. AMENDED DESCRIPTION 


Essentially similar to C. (C.) auritus except for the diag- 
nostic features (see Section 2), smaller maximum height 
(59.5 mm, Imray, 1964), apparent allometric decrease in N/L 
(text fig. 112) and somewhat thicker shell. The remaining 
metric proportions are plotted in text figs. 108-111, 113-115, 
while the range of ornamental variation is depicted in Pl. 4, 
Figs. 10, 12-16. 


4. DISCUSSION 


The holotypes (M) of: 


l. ‘Pecten’ laminata J. Sowersy (BM 43327; Pl. 4, Fig. 14) 
and 

2. ‘P.’ similis J. Sowersy (BM 43329; Pl. 4, Fig. 12) and 
the sole observed type of: 

3. ‘P.’ anguliferus TERQUEM and Jourpy (ENSM L334; 
Pl. 4, Fig. 16) 


are indistinguishable from the species described in Section 3 
on the basis of metric proportions and ornament. The original 
figure of Camptonectes sp; Rossı RONcHETTI and Fanrinı Ses- 
Tını (4) is similarly inseparable. 
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Text fig. 109: Camptonectes (C.) laminatus — height/umbonal angle. 


Since the number of divaricate striae increases during the 
ontogeny of the species described in Section 3, species erected 
for small specimens with relatively few striae (‘P.’ rigida ]. 30-7 
Sowergy, ‘P.’ Langrunensis D’Orsıcny, ‘P.’ Woodwardü =! 
Morris and LycetT, ‘P.’ divaricatus Phiuirs, ‘P.’ puellaris - =} 
WHIDBORNE) cannot be accorded a distinction. 


Although not from the typical horizon of derivation | 
(Bathonian) there seems no reason to separate C. platessifor- 20- 
mis WHITE; ImLay (from the Bajocian of the U. S. Western In- 
terior) and C. inexpectatus Hayanmı (from the L. Lias of Ja- | 
pan) from the species described in Section 3. Both have the I 
coarse divaricate striae and auricular lamellae characteristic of 
the latter species and the comarginal ornament of the disc = 5% 
seems too weak to allow any possibility that C. platessiformis 10- 
and C. inexpectatus might be representative of C. (Camp- al 
tochlamys) obscurus. 


The original figure of ‘P.’ (Chlamys) curvivarians Dietrich 
depicts a specimen which resembles the species described in 


Section 3 in its divaricate ornament and all metric proportions 
apart from H/UA (5). However, Cox (1952) refers specimens 20 Lo 60 
with very much stronger ornament to DiErrich’s species and 


since the stratigraphic range of the latter (Bajocian-Tithonian) Text fig. 110: Camptonectes (C.) laminatus - intersinal distance on 
extends to considerably younger horizons than that of the left valve/length. 
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Text fig. 111: Camptonectes (C.) laminatus - intersinal distance on 
right valve/length. 


species described in Section 3 it ıs probable that they are dis- 
tinct. 


Of the synonymous species discussed above the earliest 
available name for the species described in Section 3 is 
‘P.’ laminata J. Sowersy. Both Cox and Arkeıı (1948) and 
CHAnnon (1950) refer unfigured Aalenıan and Bajocıan 
specimens from the Cotswolds to C. laminatus. Since 
J. SOwergy’s species is extremely rare in the latter stages in 
England it is likely that they in fact belong to the much more 
common species C. (C.) auritus. Conversely Bathonian rec- 
ords of junior synonyms of C. (C.) aurıtus (listed under the 
latter species) in (QuENSTEDT (1843), TERQUEM and JouRrDY 
(1869), SCHLIPPE (1888), SEMENOW (1896), GrEPPIN (1898), 
Cossmann (1900), Kırıan and GU£BHARD (1905), DENINGER 
(1907), Lissajous (1923) and Roman (1926) may well refer to 
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Text fig. 112: Camptonectes (C.) laminatus — depth of byssal 
notch/length. 
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Text fig. 113: Camptonectes (C.) laminatus — height of anterior 
auricle/length. 


C. (C.) laminatus and some of the Bathonian specimens re- 
ferred to junior synonyms of C. (C.) aurıtus (see p. 121) ın 
Morris and Lycett (1853), STAESCHE (1926) and DECHASEAUX 
(1936) undoubtedly belong to C. (C.) laminatus. 


The original figure of C. rıgidus (J. Sowersy); Rossı Ron- 
CHETTI and Fanrtını Sestint depicts a specimen with radial 
rather than divaricate striae which is thus probably referable 
to C. (Camptochlamys) clathratus rather than C. (C.) 
laminatus. BrapsHaw’s (1978) inclusion of specimens with 
strong comarginal ornament within C. laminatus indicates 
that his hypodigm probably extended to forms which the pre- 
sent author places in C. (Camptochlamys) obscurus. 


5. STRATIGRAPHIC RANGE 


The earliest record of C. (C.) laminatus is from the L. Lias 
of Japan (Havamı, 1959). Thenceforth, apart from dubious 
records from the Aalenıan of the Cotswolds (see Section 4), 
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Text fig. 114: Camptonectes (C.) laminatus — posterior hinge 
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length/length. 


the species is unknown until the Bajocian when it is recorded 
from the U. S. Western Interior (Im.av, 1964, 1967). Only 
two specimens from the Bajocıan of England (BM L47437, 
L41956) can be definitely referred to C. (C.) laminatus. The 
species becomes common in the Bathonian but thereafter is 
extremely rare. Records from New Zealand (Marwick, 1953) 
and Afghanıstan (Rossı ROncHETTI and Fanrını Sestinı, 1961) 
may include Callovian examples while two coarsely or- 
namented specimens from the Oxfordian of England (BM 
L20487; LL8339, Pl. 4, Fig. 11) may be referable to C. (C.) 


laminatus. 


6. GEOGRAPHIC RANGE 


In Europe (text fig. 116) C. (C.) laminatus is largely re- 
stricted to France and England. Elsewhere (text fig. 117) the 
species is only known in numbers in the U. S. Western In- 


terior. Since occurrences there (Bajocian) predate common 
occurrences in Europe (Bathonian) and postdate records of 
the species in Japan (L. Lias), it may be that C. (C.) 
laminatus undertook an eastward migration, perhaps making 
use of the marine connection between western America and 
Europe which was established in Bajocıan times (HaLLam, 
1975a). Viewed in these terms records of the species from the 
Bathonian-Callovian of New Zealand can be taken to repre- 
sent a relict population. 


7. DESCRIPTION OF ECOLOGY 


In the Bajocıian of the U. S. Western Interior C. (C.) 
laminatus is the only pectinid present in limestones and shales 
containing a rather restricted fauna, dominated by ‘Ostrea’ 
and Vangonia. The maximum height attained is 59.5 mm (In- 
LAY, 1964). 


In the Bathonian of $. England C. (C.) laminatus is re- 
corded from the Minchinhampton Beds (L. Bathonian), 
shelly oolites containing a diverse fauna, in which the species 
reaches a maximum height of 58 mm (BM 20744). In the ap- 
proximately contemporaneous Fuller’s Earth Clay on the 
Dorset coast, fragments of C. (C.) laminatus are common in 
an otherwise almost monotypic bed of Praeexogyra hebridi- 
ca. Inthe U. Bathonian C. (C.) laminatus occurs commonly 
in the Forest Marble, a grain supported, partly oolitic lime- 
stone with adominantly epibenthic fauna of oysters, Modiolus 
and Epithyris. The species is also found in the L. Cornbrash, a 
non-oolitic,shell-fragment limestone with abundant infaunal 
bivalves (Ceratomya, Pleuromya) and echinoids (Holec- 
typus, Nucleolites) in addition to epifaunal bivalves (En- 
tolium (E.) corneolum, Meleagrinella) and brachiopods 
(Obovothyris). 


In the Bathonian of central England occasional specimens 
of ©. (C.) laminatus are found in paralic clay/limestone se- 
quences in association with a low diversity fauna dominated by 
Praeexogyra hebridica but also containing Placunopsis, Mod- 
tolus, Myopholas, Cuspidaria, and Kallırhynchia (TORRENS, 
1968). J. D. Hupson (pers. comm., 1977) has recorded a 
single specimen from similar facies in the Inner Hebrides. 
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Text fig. 116: Camptonectes (C.) laminatus — European distribution. 


Text fig. 117: Camptonectes (C.) laminatus - World distribution (Callovian reconstruction). 


Outside Britain the species appears to be less common but 
occurs at most levels in the Bathonian. It is not found in the 
deep water pelagic limestones of the peri-Mediterranean re- 
gion, the only records from the latter area being from shallow 
water oolitic deposits (e. g. KıLıan and Gu£sHARD, 1905). 


8. INTERPRETATION OF ECOLOGY 


It is clear from Section 7 that apart from showing a general 
preference for shallow water environments, C. (C.) 
laminatus was a eurytopic species. Environments supporting 
adıverse fauna were preferred but in such situations both high 
energy oobiosparites (e. g. Minchinhampton Beds, Forest 
Marble) and lower energy biomicrites (e. g. L. Cornbrash) 
were colonised. The occurrence of C. (C.) laminatus in low 
diversity faunas such as in the Bajocıan of the U. S. Western 
Interior (lacking in Gryphaea, pholadomyoids and other pec- 
tnnids) and the Bathonian of the E. Midlands (lacking in 
cephalopods, ectoprocts and corals) indicates a tolerance of 
high environmental stress. In the former case the presence 
nearby of gypsiferous deposits (Gypsum Springs Formation) 
indicates that high stress was the result of hypersaline condi- 
tions (HarLam, 1975a). However, in the latter case the ab- 
sence of evaporites suggests that high stress probably resulted 
from low or fluctuating salinities. The euryhaline oyster 
Praeexogyra hebridica (see J. Huvson and PaLmer, 1976) ısa 
frequent associate in the Bathonian oftheE. Midlands butM. 
J. BrapDsHAw reports (pers. comm., 1977) that C. (C.) 
laminatus is only found, and then rarely, in the beds with the 
greatest marine influence. The impression thus gained, that 
C. (C.) laminatus was only able to withstand slightly abnor- 
mal salinities, is bolstered by the extreme rarity of the species 
in the Hebrides, where the Bathonian is of generally less 
marine aspect, and the more frequent occurrence in the 
Praeexogyra hebridica Bed in Dorset where the presence of 
adherent Foraminifera (and of ammonites in the surrounding 
clays) suggests nearly normal salinities (J. Hupson and 
PALMER, 1976). 


The frequent association with oysters suggests that C. (C.) 
laminatus may have used this group for byssal attachment. 


9. FUNCTIONAL MORPHOLOGY 


Since C. (C.) laminatus is in most morphological respects 
identical to C. (C.) auritus a similar byssate mode of life can 
be inferred. The maximum height (59.5 mm) is small enough 
to suggest that the species was byssate throughout ontogeny. 
However, the apparent allometric decrease in N/L may indi- 
cate that the largest individuals were free living. The more 
prominent ornament of C. (C.) laminatus may have resulted 
in a stronger shell than C. (C.) auritus but this does not ap- 
pear to correlate with any autecological differences, both 
species being common in high energy environments. 


10. ORIGINS AND EVOLUTION 


C. (C.) laminatus almost certainly evolved from C. (C.) 
aurıtus. The stratigraphically and geographically isolated first 
occurrence of C. (C.) laminatus (L. Lias, Japan), a subse- 
quent migration (see Section 6), and the sudden appearance of 
the species in Europe are classic indications of allopatric 
speciation. 

Since the number of divaricate striae increases during the 
ontogeny of C. (C.) auritus the relatively widely spaced or- 
nament of C. (C.) laminatus may be a product of hetero- 
chronic retardation of the rate of ornamental development. 
The appearance of auricular lamellae cannot, however, be 
simply explained by heterochrony and suggests that specia- 
tion involved at least some change in the structural genome. 


There is no evidence for any phyletic evolution within C. 
(C.) laminatus. 


The decline and subsequent extinction of C. (C.) laminatus 
is correlated with the reappearance in Europe of large num- 
bers of C. (C.) auritus. It may be that after a phase of com- 
petitive exclusion in the Bathonian C. (C.) auritus had 
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evolved sufficiently (see p. 124) to outcompete C. (C.) lami- 
natus in the Callovian and Oxfordian. 


Camptonectes (Camptonectes) virdunensis (BUVIGNIER 1852) 


? 1852 
1852 

? 1852 
(?) 1859 
? 1859 
? 1862 
1862 
(?) 1862 
? 1862 
non 1866 
(2?) 1868 
1872 
1874 
(2?) 1875 
? 1875 
1875 
1881a 
1882 

v 1883 
1894 
1903 
1904 

v 1905 
vp 1905 


1905 
1914 


v< 


u 


1920 


1925 
1926 


1930a 


(2) 1935 
1936 


non 1936 


Pl. 4, Figs. 1, 2; text figs. 118-120 


Synonymy 


Pecten Zieteneus sp. nov; BUVIGNIER, p. 24, pl. 19, 
figs. 24, 25. 

Pecten virdunensis sp. nov; BUVIGNIER, p. 24, 
pl. 20, figs. 4-6. 

Pecten suprajurensis sp. nov; BUVIGNIER, p. 24, 
pl. 19, figs. 21-23. 

Pecten suprajurensis (BUVIGNIER); CONTEJEAN, 
p- 218. 

Pecten Flamandi sp. nov; CONTEJEAN, p. 312, 
pl. 24, figs. 1,2. 

Pecten Delessei sp. nov; ETALLON in THURMANN 
and ETALLON, p. 263, pl. 37, fig. 9. 

Pecten Sahleri sp. nov; ETALLON in THURMANN 
and ETALLON, p. 264, pl. 37, fig. 10. 

Pecten flamandi CONTEJEAN; THURMANN and 
ETALLON, p. 264, pl. 37, fig. 1. 

Pecten Waldeckensis sp. nov; ETALLON in THUR- 
MANN and ETALLON, p. 265, pl. 37, fig. 3. 

Pecten suprajurensis BUVIGNIER; DE LORIOL and 
PELLAT, p. 105, pl. 10, fig. 5. 

Pecten suprajurensis BUVIGNIER; DE LORIOL and 
COTTEAU, p. 644. 

Pecten suprajurensis BUVIGNIER; DE LORIOL et al., 
pr379, pl»22t1023. 

Pecten titonius sp. nov; GEMMELLARO and DI 
BLası, p. 120, pl. 3, figs. 13-15. 

Pecten suprajurensis BUVIGNIER; DE LORIOL and 
PELLAT, p. 188. 

Pecten Flamandi CONTEJEAN; DE LORIOL and 
PELLAT, p. 194, pl. 22, figs. 6, 7. 

Pecten virdunensis BUVIGNIER; DE LORIOL and 
PELLAT, p. 199, pl. 22, fig. 16. 

Pecten aff. tithonins GEMMELLARO and Di BLASI, 
BOEHNM, p, 183, pl. 40, fig. 5. 

Pecten (Camptonectes) virdunensis BUVIGNIER; 
ROEDER, p. 55. 

Pecten tithonins GEMMELLARO and DI Bıası; 
BOEHM, p. 605, pl. 67, figs. 21-23. 

Pecten Buchi ROEMER; DE LORIOL, p. 53, pl. 6, 
fig. 7 (non ROEMER sp.). 

Pecten tithonius GEMMELLARO and Di BLASI; 
REMES, p. 201. 

Pecten (Camptonectes) ledonicus sp. nov; DE LOR- 
IOL, p. 227, pl. 24, fig. 2. 

Pecten virdunensis BUVIGNIER; PERON, p. 223. 
Pecten zieteneus BUVIGNIER; PERON, p. 224. 
Pecten suprajurensis BUVIGNIER; PERON, p. 229. 
Chlamys virdunensis (BUVIGNIER); COSSMANN, 
P- 2, pl.5sfig.il. 

Pecten tithonius GEMMELLARO and Di BLASI; 
FAURE-MARGUERIT, p. 56. 

Pecten virdunensis BUVIGNIER; ROMAN, p. 194. 
Pecten tithonius GEMMELLARO and Dı Brası; 
STAESCHE, p. 82, pl. 5. 

Camptonectes virdunensis (BUVIGNIER); ARKELL, 
pP-99, pl. 7, figs. 5, 5a. 

Chlamys suprajurensis (BUVIGNIER);SALIN, p. 140. 
Camptonectes ledonicus (DE LORIOL); DECHAS- 
EAUX, p. 34, pl. 5, fig. 3. 

Camptonectes Zietenus (BUVIGNIER); DECHAS- 
EAUX, p. 34, pl. 5, figs. 5, 6. 


1936 Camptonectes Virdunensis (BUVIGNIER); DECHAS- 
EAUX, p. 34, pl. 5, fig. 4. 


(?) 1936 Camptonectes Flamandi (CONTEJEAN); DECHAS- 
EAUX, p. 35. 

(?) 1936 Camptonectes suprajurensis (BUVIGNIER); DECHAS- 
EAUX, p. 36. 

non 1936 Camptonectes suprajurensis (BUVIGNIER); SPATH, 


p- 106, pl. 41, figs. 24, pl. 42, fig. 9, pl. 43, fig. 4. 
1939 Camptonectes virdunensis (BUVIGNIER); STEFAN- 
INI, p. 175, pl. 19, fig. 13. 
Camptonectes (Camptochlamys) tithonius (GEM- 
MELLARO and Di BLAsI); YAMANI, p. 55. 


v 1975 


The type material of Pecten Virdunensis 
Buvicnier 1852, p. 24, pl. 20, figs. 4-6 may 
be in NM. The material was derived from the 
U. Oxfordian of Verdun (Meuse). 
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Text fig. 118: Camptonectes (C.) virdunensis — heighv/length. 


1. ORIGINAL DIAGNOSIS AND DESCRIPTION 


‘P. testa ovali — elongata, depressa, inaequivalvi, inferne 
rotundata, superne acuta; concentrice et radiatim striata; striis 
radiantibus arcuatis, punctulatis, striis concentricis interrup- 
tıs; valva sinistra convexiori; cardine recto; auriculus posticis, 
brevibus, obliquis; anticis majoribus. 


Longuer 29 mill., hauteur 40, epaisseur 10. 


Coquille ovale allong£e aplatie, inequivalve, arrondie infer- 
ieurement, et (en faisant abstraction des oreillettes) se termin- 
ant en pointe vers les crochets, stries rayonnantes arquees, 
laissant entr’elles des cötes legerement convexes et se croisant 
avec des stries concentriques, interrompues sur les cötes, et 
tres-marquees dans le fond des stries rayonnantes; valve 
gauche un peu plus bombee que l’autre; charniere droite; 
oreillettes posterieures courtes et obliques; les anterieures 
plus allongees; crochets aigus. 


Des assises moyennes du coral-rag de Verdun. r.’ 
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Text fig. 119: Camptonectes (C.) virdunensis — height/umbonal 


angle. 


2. AMENDED DIAGNOSIS 


Distinguished from all other species of C. (Camptonectes) 
by the consistently sub-ovate disc (H >L). 


3. AMENDED DESCRIPTION 


Essentially similar to C. (C.) auritus apart from the diag- 
nostic feature (see Section 2), higher mean H/UA (text 
fig. 119), apparently isometric growth of H/L (text fig. 118) 
to the maximum height of 67.5 mm (GremmELLARO and Dı 
Brası, 1874), somewhat weaker ornamentation and thinner 
shell. The sub-ovate form is illustrated in Pl. 4, Figs. 1, 2. 
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4. DISCUSSION 


(1852) drawings of ‘P.’ Zieteneus and 
‘P. Virdunensis are both based on specimens derived from 
U. Oxfordian reef facies. However, only that of ‘P.’ Vir- 
dunensis (1) definitely depicts the narrow C. (Camptonectes) 


species which is common in this facıes (see Section 8) and de- 


BuvIGNIER’S 


seribed in Section 3. The dimensions of the figure of 
P. Zieteneus (2) plot within the range of the species described 
in Section 3 but the figure is an enlargement and DECHASEAUX 
(1936), who probably had access to the original, has referred 
to Camptonectes Zietenus specimens whose dimensions (3) 
are comparable with C. (C.) auritus, of which they would 
thus seem to be rare representatives from reef facies (see p. 
123). Although Peron (1905) has applied the name 
‘P.” zieteneus to specimens which are at least in part referable 
to the species described in Section 3, it seems preferable to 
adopt the name C. (C.) virdunensis for the latter until such 
time as the type material of ‘?.’ Zietenens (which would have 
priority asname bearer) is relocated and shown unequivocally 
to be representative of the species described in Section 3. The 
figure of ‘P.’ suprajurensis BuviGnier (4) has metric propor- 
tions within the range of C. (C.) virdunensis but like that of 
‘P.’ Zieteneus ıs an enlargement. De LorıoL and PrıLar 
(1866) and Prron (1905), who may have had access to the 
original, have applied the specific name to specimens whose 
metric proportions (5 and 6 respectively) are comparable with 
©. (C.) auritus. However, DE LorıoL et al. (1872) figure a 
specimen which seems to be representative of C. (C.) vir- 
dunensis under ‘P.’ suprajurensis. With the evident possibil- 
ity of confusion the systematic affinities of the type material 
of ‘P.’ suprajurensis and of inadequately characterised speci- 
mens referred to the species in CoNTEJEAN (1859), DE LORIOL 
and Cortrau (1868), DE Lorıor and Prrrar (1875), Sarın 
(1935) and DEcHAsEAUux (1936) are best left an open question. 
Specimens referred to C. suprajurensis by SparH (1936) can 
however definitely be placed in C. (C.) auritus (see p. 118). 

‘P.’ Sahleri Erauıon, “P.” titonius GEMMELLARO and Dı 


Brası and ‘P.’ ledonicus DE LorıoL are inseparable from C. 
(C.) virdunensis by their metric proportions (respectively 7, 8 


Text fig. 120: Camptonectes (C.) virdunensis - European distribution. 
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and 9) and ornament. ‘P.’ Waldeckensis EraLLon is also in- 
separable by metric proportions (10) and the apparent lack of 
ornament can probably be attributed to abrasion. The original 
figure of ‘P.’ Flamandi Conrtejean has H/L (11) very similar 
to that of C. (C.) virdunensis but H/UA is abnormally small. 
While this might be due to inaccurate drawing the existence of 
quite strong comarginal ornament in addition to divaricate 
striae suggests that Contejean’s species may be referable to 
C. (Camptochlamys) obscurus. Specimens figured under 
‘P.” Flamandi by vr Lorıoı and Prrrar (1875) may have 
similar affinities but those referred to ConTEjEan’s species by 
THURMANN and EratLon (1862) and DEcHAsEAuUx (1936) al- 
most certainly belong in C. (C.) virdunensıs. 


‘Chlamys’ virdunensis (BUVIGNIER); COSSMANN was com- 
pared with ‘P.’ clathratus ROEMER while FAURE-MARGUERIT’S 
(1920) record of GrmmrLAaro and Dı Brası’s species was based 
on specimens said to have ‘quadrilateral’ ornament. This sug- 
gests possible misapplication of these specific names to exam- 
ples of C. (Camptochlamys). 

The affınities of ‘P.’ Buchi DE LorıoL (non ROEMER) and 
‘P.’ Delessei ErauLon are discussed under C. (C.) auritus. 


5. STRATIGRAPHIC RANGE 


C. (C.) virdunensis is first recorded in the L. Oxfordıan of 
Alsace (Rorprr, 1882). Thenceforth it is found locally until 
the U. Tithonian when it is recorded from Stramberg ın 
Czechoslovakia (BoEHMm, 1883; REMES, 1903). 


6. GEOGRAPHIC RANGE 


Common occurrences of C. (C.) virdunensis are restricted 
to the central and southern parts of Europe (text fig. 120) 
where the appropriate reefal facies (see Section 8) is wide- 
spread. The only known occurrence of the species outside 
Europe is a single specimen from the Oxfordian/Kimmerid- 
gian of Somalıa (Steranını, 1939). 


7. DESCRIPTION OF ECOLOGY 


C. (C.) virdunensis is found commonly in the U. Oxfor- 
dian coral reef facies if the Yonne (Peron, 1905), where it 
reaches a maximum height of 49 mm (MNS). The diverse as- 
sociated fauna is described on p. 88. Contemporaneous 0c- 
currences of the species in the Meuse (BuviGnier, 1852) and 
Jura (pe Lorıor, 1894, 1904) are from similar facies. 


In the Kimmeridgian C. (C.) virdunensis is found in coral 
reef facıes at Kelheim (Bornm, 1881a) and reef derived facıes 
in the E. Paris Basin where the species reaches a maximum 
height of 60 mm (NM). 


In the L. Tithonian C. (C.) virdunensis ıs recorded from 
the Nattheim and Neuburg coral reefs in $. Germany 
(STAESCHE, 1926; Yamanı, 1975). In similar facies in Sicily 
(GEMmMELLARO and Di Brası, 1874) the species is reported to be 
common and to attain a maximum height of 67.5 mm. 

In the U. Tithonian coral reef at Stramberg C. (C.) vır- 
dunensis ıs recorded commonly by BorHm (1883). 

Of the other unequivocal records of C. (C.) virdunensis 


listed in synonymy only those in pe LorioL and PELLAT 
(1875), pe LorıoL et al. (1872) and Ark£ıı (1930a) can be 


said to refer to specimens which are definitely not derived 
from reef faces. In the first two cases (from the Kimmeridgian 
of the Boulonnais and the ‘Portlandian’ of the E. Paris Basın 
respectively) the number of specimens is indeterminate and in 
the last case (U. Oxfordian, Dorset) only one specimen ıs re- 


corded. 


8. INTERPRETATION OF ECOLOGY 


It ıs clear from Section 7 that C. (C.) virdunensis was a 
highly stenotopic species, restricted to coral reef facies. As 
such its palaeosynecology is comparable with that of the simi- 
larly restricted species of $. (Spondylopecten). Like the latter 
its absence from Kımmeridgian reefs at La Rochelle may re- 
late to their dense structure (see p. 88). Failure to colonise the 
apparently suitable Oxfordian reefs of England may have 
stemmed from an intolerance of the lower temperatures of 
more northerly latitudes. 


Recent low convexity, weakly ornamented, thin shelled 
morphological analogues of C. (C.) virdunensis include 
Chlamys marshallensis, Ch. madreporarum and Ch. ır- 
regularis, all of which live byssally attached either beneath or 
within coral colonies (Water, 1972b). 


9. FUNCTIONAL MORPHOLOGY 


Since C. (C.) virdunensis isin most morphological respects 
identical to C. (C.) auritus a similar byssate mode of life can 
be inferred. The maximum height of C. (C.) virdunensis 
(67.5 mm) is considerably greater than that of the mor- 
phological analogue Ch. marshallensis (30 mm) and this 
probably implies that the former did not live suspended from 
a byssus when adult. Large specimens probably gained addi- 
tional support from contact between the disc and corals. Such 
support might have been obtained in crevices and the low 
convexity, minimally ornamented shell would have been well 
adapted to this microhabitat. The protection against waves 
and predatory attacks afforded by crevice microhabitats 
might be the reason behind the possession of only athin, weak 
shell. 


The high H/L ratio of the shell renders it probable that C. 
(C.) virdunensis could only have been a poor swimmer. 


10. ORIGINS AND EVOLUTION 


C. (C.) virdunensis almost certainly arose from €. (C.) au- 
ritus, from which it differs significantly only by the greater 
H/L and H/UA. Since the former ratio decreases while the 
latter increases during the ontogeny of ©. (C.) auritus trans- 
specific evolution could have been brought about by hetero- 
chrony. However, simultaneous retardation (of H/L) and ac- 
celeration (of H/UA) would have had to have taken place and 
it is by no means certain whether such a situation could have 
occurred in a single speciation event (although Gouıp (1977) 
points out that more distantly related taxa may exhibit in the 
descendant, features which may be attributed to both acceler- 
ation and retardation of the ancestral ontogeny). 

The limited number of measured specimens (30) precludes 
an exact evaluation of phyletic trends within C. (C.) vir- 
dunensis. However, maximum height does seem to show a 


genuine increase in the passage from Oxfordian (49 mm) to 
Kimmeridgian (60 mm) to Tithonian (67.5 mm). This, to- 
gether with extreme stenotopy, is good evidence for the pre- 
valence of ‘K’ selection (GouLp, 1977). 


Subgenus CAMPTOCHLAMYS Arkeıı 1930a 


Type species. OD; Arkeıı 1930a, p. 102; Pecten intertex- 
tus ROEMER 1839, p. 27, pl. 18, fig. 23; Oxfordian, N. Ger- 
many. 


AMENDED DIAGNOSIS 


Differing from C. (Camptonectes) in that weak radial rib- 
lets and comarginal lamellae are present giving rise to a reticu- 
late pattern of sculpture. Jur. (Aalen.-Tithon.), ?Cret., Eur., 
Asıa, Afr., N. Am., ?Austr. 
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DISCUSSION 


In his diagnosis HErTLEIn (1969: N352) stated that Camp- 
tochlamys ranged only from the Bajocian to the ‘Portlandian’ 
(Tithonian) and was restricted to England. The stratigraphic 
and geographic range can now be extended to that given 
above. Ifthe Cretaceous forms (see p. 136) are indeed referable 
to C. (Camptochlamys) then the subgenus Boreionectes 
ZAKHAROV 1965 should be regarded as a junior subjective 
synonym. 

Arkeıı (1930a) originally created Camptochlamys as a 
subgenus of Chlamys. However, Cox (1952) suggested that it 
be transferred to Camptonectes because divaricate striae were 
seen on aspecimen (BM 126669) of the type species Pecten ın- 
tertextus ROEMER (= C. (Cc.) clathratus (Rormer)). The au- 
thor has been unable to trace the relevant specimen and has yet 
to find any further examples exhibiting divaricate ornament. 


7 206/211C 
”152/159C 


Text fig. 121: 


Ile, 
80 100 120 


Camptonectes (Camptochlamys) obscurus — height/length. 
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The possibility of removal by abrasion cannot, however, be 
discounted. 
Two groups may be distinguished in Jurassice C. (Camp- 
tochlamys) on the following basıs: 
1. Radial striae reaching the ventral margin at all stages ın 
ontogeny (= C. (Cc.) clathratus). 
2. Radial striae restricted to within a few cm. of the umbo 
(= C. (Cc.) obscurus). 


Camptonectes (Camptochlamys) obscurus (J. SOwERBY 1818) 
Pl. 4, Figs. 17-22, 24, 25; text figs. 121-130 


Synonymy 

v* 1818 _ Pecten obscura sp. nov; J. SOWERBY, p. 3, pl. 205, 
fig. 1. 

v* 1819  Pecten lamellosus sp. nov; J. SOWERBY, p. 67, 
pl»239: 

v* 1826a Pecten annulatus sp. nov;]. DE C. SOWERBY, p. 80, 
pl. 542, fig. 1. 

1833 _ Pecten obscurus J. SOWERBY; GOLDFUSS, p. 48, 

pl. 91, fig. 1. 


1833 Pecten annulatus J. DE C. SOWERBY; GOLDFUSS, 
p- 49, pl. 91, fig. 2. 
1836  Pecten sublaevis sp. nov; ROEMER, p. 70, pl. 3, 
fig. 16. 
1837 Pecten concinnus sp. nov; KOCH and DUNKER, 
p- 42, pl. 5, figs. 4a, 4b. 
Pecten concentricus sp. nov; KOCH and DUNKER, 
p- 43, pl. 5, fig. 8. 
1850 Pecten Germaniae sp. nov; D’ORBIGNY, v. 1, 
p. 314. 
1850  Pecten Obrinus sp. nov; D’ORBIGNY, v. 1, p. 373 
(BOULE, 1927, v. 16, p. 131, 1928, v. 17, pl. 6, 
figs. 5, 6). 
1852 Pecten circinalis sp. nov; BUVIGNIER, p. 24, pl. 19, 
figs. 13-15. 
1853 Pecten annulatus J. DE C. SOWERBY; MORRIS and 
LYvcETT, p. 12, pl. 1, fig. 13. 
1853 Pecten Germaniae D’ORBIGNY; CHAPUIS and 
DEWALQUE, p. 214, pl. 29, fig.2. 
v1858  Pecten lens J. SOWERBY; QUENSTEDT, p. 432, 
pl. 59, fig. 3 (non pl. 59, fig. 4, non p. 322, pl. 44, 
fig. 12, p. 354, pl. 46, fig. 20, pl. 48, fig. 8; non 
J- SOWERBY sp.). 
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? 1859 Pecten Grenieri sp. nov; CONTEJEAN, p. 311, 
pl. 23, figs. 7-9. 

? 1859 Pecten Flamandi sp. nov; CONTEJEAN, p. 312, 
pl. 24, figs. 1,2. 


1860  Pecten lamellosus J. SOWERBY; COQUAND, p. 91. 
1861 Pecten annulatus J. DE C. SOWERBY; 'TRAUT- 
SCHOLD, p. 446. 
non 1862 Pecten flamandi CONTEJEAN; THURMANN and 
ETALLON, p. 264, pl. 37, fig. 1. 
Pecten Greneieri CONTEJEAN; THURMANN and 
ETALLON, p. 265, pl. 37, fig. 7. 
1864  Pecten sublaevis ROEMER; V. SEEBACH, p. 100. 
(?) 1864 Pecten concentricus KOCH and DUNKER; V. SEE- 
BACH, p. 100. 
1866 Pecten lamellosus J. SOWERBY; DE LORIOL and 
PELLAT, p. 103, pl. 10, fig. 4. 
1869 Pecten exaratus sp. nov; TERQUEM and JOURDY, 
p. 128, pl. 13, fig. 17. 
non 1872 Pecten Grenieri CONTEJEAN; DE LORIOL et al., 
p- 382, pl. 22, figs. 5, 6. 
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? 1875 Pecten Flamandi CONTEJEAN; DE LORIOL and 
PELLAT, p. 194, pl. 22, figs. 6, 7. 
v?1883 _ Pecten aff. Grenieri CONTEJEAN; BOEHM, p. 603, 


pl. 67, figs. 17, 18. 


u 


2) 


non 


u 


u 


u 


non 


vnon 


u 
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Pecten lens J. SOWERBY; LAHUSEN, p. 23, pl. 2, 
fig. 1. 

Pecten subannulatus sp. nov; SCHLIPPE, p. 128, 
pl. 2, fig. 3. 

Pecten concentricus KOCH and DUNKER; BEH- 
RENDSEN, p. 416. 

Pecten (Camptonectes) cf. Grenieri CONTEJEAN; 
FIEBELKORN, p. 399, pl. 14, fig. 11. 

Pecten chavattensis sp. nov; DE LORIOL, p. 55, 
pl. 6, fig. 8. 

Pecten (Camptonectes) Broenlundi sp. nov; RAVN, 
p- 465, pl. 34, figs. 5, 6. 

Pecten annulatus J. DE C. SOWERBY; BORISSIAK 
and IVANOFF, p. 25, pl. 1, fig. 14. 

Pecten cf. annulatus J. DE C. SOWERBY; STEFAN- 
INI, p. 161, pl. 29, fig. 1. 

Camptonectes lens var. annulatus (J. DE C. SOW- 
ERBY); STAESCHE, p. 79, pl. 3, fig. 12. 
Camptonectes Sowerbyi sp. nov; STAESCHE, p. 81, 
pl. 3stig.z. 

Pecten (Camptonectes) cf. lens J. SOWERBY; SOKO- 
LOV and BODYLEVSKY, p. 55, pl. 4, fig. 7. 

Pecten (Camptonectes) lens var. annulatus J.DEC. 
SOWERBY; STOLL, p. 22. 

Camptonectes browni sp. nov; COX, p. 177, pl. 18, 
figs. 13a, 13b. 

Camptonectes lamellosus (J. SOWERBY); SALIN, 
p- 140. 

Camptonectes praecinctus sp. nov; SPATH, p. 104, 
pl. 40, fig. 6, pl. 41, fig. 1. 

Camptonectes lens var. exaratus (TERQUEM and 
JOURDY); DECHASEAUX, p. 30. 

Camptonectes annulatus (J. DE C. SOWERBY); 
DECHASEAUX, p. 31, pl. 4, fig. 10. 

Camptonectes Richei sp. nov; DECHASFAUX, p. 32, 
pl. 4, figs. 12-15, pl. 5, figs. 1, 2. 

Camptonectes Sowerbyi STAESCHE; DECHASEAUX, 


p-23: 

Camptonectes Flamandi (CONTEJEAN); DECHAS- 
EAUX, p. 35. 

Camptonectes circinalıs (BUVIGNIER); DECHAS- 
EAUX, p. 36. 


Camptonectes lamellosus (]. SOWERBY); DECHAS- 
EAUX, p. 36, pl. 5, fig. 11. 

Aequipecten Grenieri (CONTEJEAN); DECHAS- 
EAUX, p. 52, pl. 8, fig. 7. 

Camptonectes Germaniae (D’ORBIGNY); STEFAN- 
INI, p. 171, pl. 19, fig. 11. 

Camptonectes annulatus (J. DE C. SOWERBY); 
Cox and ARKELL, p. 13. 

Camptonectes (Camptochlamys) obscurus (J. SOW- 
ERBY); COX and ARKELL, p. 14. 

Camptonectes indicus sp. nov; COX, p. 25, pl. 3, 
figs. 144. 

Camptonectes aff. brownı Cox; HAYAMI, p. 67. 
Camptonectes annulatus (J. DE C. SOWERBY); 
Rossı RONCHETTI and FANTINI SESTINI, p. 121, 
pl. 13, fig. 10. 

Camptonectes waggrakinensis sp. nov; SKWARKO, 
p- 82, pl. 25, figs. 1, 4. 

Camptonectes laminatus (J. SOWERBY); BRAD- 
SHAW, p. 313 (non J. SOWERBY sp.). 
Camptonectes (Camptochlamys) obscurus (J. SOW- 
ERBY); BRADSHAW, p. 314. 

Camptonectes annulatus (J. DE C. SOWERBY); 
T. PALMER, p. 196. 


Holotype (M) of Pecten obscura ]. SOwERBY 
1818, p. 3, pl. 205, fig. 1; BM 43325; Pl. 4, 
Fig. 24 herein; H: 45, L: 38, HAA: 8.5, 
AH: 15, N: 5.5, UA: 93; Stonesfield Slate 
(L. Bathonian), Stonesfield, Oxfordshire. 
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Text fig. 122: Camptonectes (Camptochlamys) obscurus — height/umbonal angle. 


1. ORIGINAL DIAGNOSIS AND DESCRIPTION 


‘Spec. Char. Sub-orbicular, depressed, with obscure 
arched longitudinal rugae upon the surface; ears large. 


Somewhat longer than wide: the surface is dull, almost 


smooth; but it has some indications of diverging furrows. The 


edge is thick. 


Occurs upon the sandy Limestone slate of Stonesfield, near 
Oxford. My specimen was forwarded to me long since by 
Dr. WırLıams.’ 


2. AMENDED DIAGNOSIS 


Distinguished from C. (Camptochlamys) clathratus by the 
fact that the radial striae extend no more than a few cen- 
timetres from the umbo and are thereafter replaced by divari- 
cate striae. 


3. AMENDED DESCRIPTION 


Essentially similar to C. (Camptonectes) aurıtus. Differing 
by the presence of comarginal lamellae and radial striae (Pl. 4, 
Fig. 22) of variable length, greater maximum height 
(122 mm, OUM ]J37483; ?206 mm, see Section 7), higher 
mean H/UA (textfig. 122), greater convexity ofthe left valve, 
isometric increase in anterior hinge length and right valve in- 
tersinal distance to give higher values of AH/L (text fig. 127) 
and Ir/L (text fig. 124) late in ontogeny, isometric increase of 
anterior auricle height to give lower values of HAA/L (text 
fig. 126) late in ontogeny and allometric increase of posterior 
hinge length to give higher values of PH/L (text fig. 128) late 
in ontogeny. The remaining metric characters are plotted in 
texufigs=121,.123,,125. 


Unlike C. (C.) anritus there appear to be no phyletic 
changes in metric proportions beyond an increase insizeanda 
possible accentuation of allometric decrease in H/L in Titho- 
nıan as compared to Bathonian individuals. 
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Text fig. 123: Camptonectes (Camptochlamys) obscurus — intersinal distance on left valve/length. 


4. DISCUSSION 


A disjunet stratigraphic distribution with two distinct 
peaks ın abundance (see Sections 5, 7) has resulted in the 
evolution of two taxonomic schemes (centred on species 
erected by the Sowergvs for Bathonian and Tithonian exam- 
ples) for M. and U. Jurassic representatives of the species de- 
scribed in Section 3. There is, however, no biological basis for 
maintaining a distinction and in the absence of any evidence 
for the existence of separate lineages such differences as exist 
between earlier and later populations (see Section 3) can be 
most parsimoniously explained in terms of phyletic evolution 
(see Section 10). Large L. Cretaceous forms (usually referred 
to Camptonectes cinctus J. SOwERBY) are probably also phylet- 
ic descendants but their systematics are excluded from this 


discussion because the present author has yet to survey the lit- 
erature and has examined relatively few specimens. Suffice it 
to say that metric proportions (c) would plot within the range 
of Jurassic ontogenies if these were projected to larger sizes. 


The following types and figures of types from the Jurassic 
are inseparable from the species described in Section 3 on the 
basis of metric proportions: 


1. The holotype (M) of ‘Pecten’ obscura J. Sowersy (BM 
43325; Pl. 4, Fig. 24). 

2. Two syntypes of ‘P.’lamellosus ]J. Sowersy (BM 
43299; Pl. 4, Fig. 17), 

3. The holotype (M) of ‘P.’ annulatus J. DE C. SOWERBY 
(BM 43301; Pl. 4, Fig. 18). 
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Text fig. 124: 


4. The sole observed type of ‘P.’ exaratus Terourm and 
Jourpy (ENSM L335). 

5. A paratype of Camptonectes indicus Cox (BM L75265; 
Pl. 4, Fig. 25). 

6. The type series of C. Richer DecHaseaux (NM). 

7. The original figure of ‘P.’ sublaevis ROEMER. 

8. The original figure of ‘P.’ concinnus KocH and Dunk- 
ER. 

9. The original figure of C. Sowerbyi STAESCHE. 


In none of the foregoing cases does any difference in orna- 
ment provide a basıs for distinction. The subdued ornamenta- 
tion of ‘P.” obscura, ‘P.’ exaratus and C. Richei ıs clearly the 
result of wear. Varietal use of ‘“P.’ annulatus in STAESCHE 
(1926) and Storı (1934) and of ‘P.’ exaratus in DECHASEAUX 
(1936) does not depart from the original authors’ hypodigms. 


L 


Camptonectes (Camptochlamys) obscurus - intersinal distance on right valve/length. 


‘P.” sublaevis ROEMER should be permanently rejected since it 
is a junior primary homonym of ‘P.’ sublaevis Young and 
Bıro (itself a junior subjective synonym of Pseudopecten (Ps.) 
equivalvıs). 

Figures of the types of ‘P.’ Obrinus p’Orsıcnv, P. cır- 
cinalis BuviGnier, ‘P.’ subannulatus ScHuippe, “P.’ Broen- 
lundi Ravn and C. browni Cox were not measured but in 
each case the ornament does not differ significantly from that 
of the species described in Section 3. Hayamı’s (1961) record 
of aspecimen resembling Cox’s species must be treated scep- 
tically in view of the disjunct geographic position (Japan) and 
lack of a figure. Although a figure is provided of C. wagg- 
rakinensis Skwarko (from W. Australia) the original is very 
poorly preserved. Nevertheless comparison with ‘P.’ cinctus 
J. SOwErBY suggests that it could be synonymous with the 
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Text fig. 128: Camptonectes (Camptochlamys) obscurus — posterior hinge length/length. 
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species described in Section 3 (see above). The figure of 
‘P.’ chavattensis ve Lorıoı depicts a specimen with reticu- 
late ornament, as is characteristic of C. (Camptochlamys), 
and mention in the description of ‘punctae’ on the right valve 
suggests that it may be referable to the species described in 
Section 3. 


‘P.’ Germaniae v’Orsıcny was erected for a specimen 
from the Kimmeridgian assigned to ‘P.’ annulatus ]. DE 
C. Sowersy by Gorpruss (1833). Presumably D’ORBIGNY 
(1850) considered that the horizon of derivation merited a dis- 
tinction from J. oe C. Sowersy’s species, whose holotype is 
from the Bathonian. However, the present author’s inclusion 
of both M. and U. Jurassic specimens within the same 
hypodigm renders this insufficient grounds for a specific sep- 
aration. 

The original figure of ‘P.’ concentricus Koch and DunkEr 
appears to depict the comarginally ornamented right valve of 
Entolium (E.) orbiculare but the fact that v. SEEBACH (1864) 
and BeHrenpsen (1891), both of whom may have examined 
the type material, have applied the specific name to specimens 
with radial as well as comarginal ornament suggests that it 
may be a reversed illustration of the left valve of the species 
described in Section 3. Although H/L and H/UA (10) are 
both high for the latter species they are considerably less dis- 
tant than from E. (E.) orbıculare. 


Although one of the original figures (pl. 40, fig. 6) of 
C. praecinctus SparH (Tithonian) has metric proportions (H: 
168, L: 165, UA: 128) within the range of projected on- 
togenies of the species described in Section 3, the other 
(pl. 41, fig. 1) has a rather low H/UA (100/40), which, to- 
gether with the poor development of comarginal lamellae, 
suggests that the species may in fact be synonymous with C. 
(C.) auritus. 

The affinities of Contejean’s (1859) species ‘P.’ Grenieri 
and ‘P.’ Flamandi and secondary references thereto are dealt 
with under Radulopecten strictus and C. (C.) virdunensis re- 
spectively. 

The original (GPIT) of ‘P.’lens J. SOwErBY; QUENSTEDT 
(1858, pl. 59, fig. 3 only) has radial striae in the umbonal reg- 


ion and is clearly referable to the species described in Sec- 
tion 3 rather than Sowergy’s species (= C. (C.) aurıtus). 
Records of J. Sowersy’s species ın LAHusen (1883) and 
SokoLov and Bopyrevsky (1931) are discussed under C. (C.) 
auritus. Specimens said to have strong comarginal ornament 
but which werereferred to C. laminatus by BrapsHAw (1978) 
are probably representative of the species described in Sec- 
tion 3. 

Of the synonymous species discussed above the earliest 
available name for the species described in Section 3 is ‘P.’obs- 
cura J. SOWERBY. 


5. STRATIGRAPHIC RANGE 


The first records of C. (Cc.) obscurus are from the Aalenıian 
(Murchisonae zone) of Swabia (StazscHe, 1926). A few 
specimens are recorded from the Bajocian of $. Germany 
(Quensteot, 1858), E. France (DecHasEAux, 1936) and the 
Cotswolds (BM 73397, L5125, L17573, L41949, L84344, 
195180, LL24287) but the species does not become common 
until the Bathonian. Callovian records from Europe are lim- 
ited to LaHnusen (1883) and a few specimens in DM while 
Oxfordian records are limited to Buvicnier (1852). Definite 
records from the Kimmeridgian are restricted to GoLDFUuss 
(1833), Koch and Dunktk (1837), v. SEEBACH (1864) and De- 
cHaszaux (1936). However, the species becomes common 
again in the Tithonian and if specimens such as BM L1354 and 
L24189 are included within C. (Cc.) obscurus (see Section 4) 
the stratigraphic range can be said to extend into the L. Cre- 
taceous at least as far as the Hauterivian. 


6. GEOGRAPHIC RANGE 


C. (Ce.) obscurus was essentially a Boreal species. Thus for 
most of its stratigraphic range distribution was centred in 
N. Europe (text fig. 129) and ın the later (Tithonian-L. Cret- 
aceous) parts of its stratigraphic range the centre of distribu- 
tion shifted outside continental Europe, into Britain (see Sec- 
tion 7). 


Text fig. 129: Camptonectes (Camptochlamys) obscurus — European distribution. 
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Text fig. 130: 


The paucity of Callovian records in Europe (see Section 5) 
is probably the result of the widespread development of un- 
favourable clay facıes (see Section 8). Records from the Cal- 
lovian of Somalia (Cox, 1935a) and India (Cox, 1952) and 
?Callovian of Afghanistan (Rossı RoncHEtTiı and Fantinı Ses- 
rını, 1961) may thus sıgnify migration to more suitable en- 
vironments (text fig. 130). Similarly the rarity ofthe species in 
the Bajocıan and Oxfordian of Europe may correlate with oc- 
currences in the Bajocıan of Somalia (Steranını, 1939) and 
possible occurrences in the Bajocıan (Skwarko, 1974) and 
Oxfordian (a poorly preserved, unlocalised and unnumbered 
specimen in the BM) of Australia. However, in these cases ex- 
clusion from Europe was more probably the result of compet- 
ition with C. (C.) anritus since suitable sedimentary en- 
vironments were widespread (see Section 8). 


7. DESCRIPTION OF ECOLOGY 


In the Aalenian of Swabia C. (Cc.) obscurus occurs ın 
chamosite oolites in association with common examples of 
Propeamussium (P.) pumilum and Entolium (E.) corneolum. 
The maximum height attained is 74 mm (GPIT). C. (C.) au- 
ritus is a faırly rare assocıiate but in similar almost contem- 
poraneous sediments in central England (Northampton Sand 
Ironstone) it is common while C. (Cc.) obscurus is unknown. 
C. (C.) auritus ıs also common throughout the Bajocıan in 
Europe but C. (Cc.) obscurus ıs generally rare (see Section 5). 
However an ıisolated specimen (STAESCHE, 1926) attains amax- 
imum height of 93.8 mm. 


In the Bathonian of Britain C. (Cc.) obscurus ıs particularly 
common in the Stonesfield Slate (L. Bathonian) where the 
most common faunal associates are oysters and ‘Trigonia im- 
pressa’ together with rhynchonellid brachiopods and cidaroid 
echinoids. The sediments are flat Jaminated calcareous sand- 
stones and sandy oolites. The species also occurs, albeit 
somewhat less commonly, in grain supported shelly oolites of 
roughly the same age at Minchinhampton and in the 
U. Bathonian Forest Marble. In both cases C. (C.) laminatus 
is a fairly common associate and at the former locality C. 


Camptonectes (Camptochlamys) obscurus - World distribution (Callovian reconstruction). 


(Ce.) clathratus also occurs quite frequently. The sedimen- 
tary and faunal associations of most other Bathonian occur- 
rences of C. (Cc.) obscurus are unclear. However intheM./U. 
Bathonıan White Limestone Formation of the Cotswolds the 
species occurs in muddy lime sands,where the principal faunal 
associates are Praeexogyra hebridica and Isognomon 1sog- 
nomoides, and in shelly micrites where the brachiopod 
Epıthyris isthe dominant faunal element. C. (Cc.) obscurus is 
absent from lime sands and pelleted lime muds in the same 
formation (T. PALmer, 1979) but it may occur in sands and 
oyster reefs further northeast in the Rutland Formation 
(BrapsHaw, 1978, see Section 4). The maximum height at- 
tained by the species in the Bathonian is69 mm (BM L10962). 


©. (Ce.) obscurus is rare inthe Callovian of W. Europe (see 
Section 5), where the stage is widely developed in clay facies, 
but isknown from a limestone sequence containing chamosite 
oolite beds in Russia (LaHusen, 1883). Oolitic deposits are 
widespread in the Oxfordian of Europe but C. (Cc.) obscurus 
is absent from them, the only record of the species in the Ox- 
fordian being from marls (Buvicnier, 1852). C. (C.) auritus 
and C. (C.) clathratus are however quite common in Oxford- 
ian oolites as well as other sediments. 


©. (Ce.) obscurus is rare intheL. Kimmeridge Clay (Kim- 
meridgian) but is occasionally found in the sandy marginal 
facies developed in the upper part of the formation 
(M. Tithonian) in$. England and N. W. France. C. (C.) au- 
rıtus is much more common at the latter horizon but in the 
U. Tithonian it ıs rare and C. (Cc.) obscurus ıs common, 
reaching a maximum height of 122 mm (OUM ]37483). In 
Dorset C. (Ce.) obscurus occurs most abundantly at three 
levels ın the U. Tithonian; within the Portland Sand Forma- 
tion,in the Exogyra Beds (Corton Hill Member),and within 
the Portland Stone Formation,in the Basal Shell Bed (Dungy 
Head Member) and the Freestöne Series (Winspit Member). 
In each case there is a diverse associated ammonite, gastropod 
and bivalve fauna including the genera Trigonia, Protocardia, 
Isognomon, Pleuromya and Exogyra. Records from Titho- 
nıan marls and limestones (Calcaire de Barrois) inthe E. Paris 
Basın (Sarın, 1935) are associated with a much less diverse 
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fauna (lacking in ammonites and dominated by ‘Corbula’, 
‘Leptoxis’, ‘Lioplax’ and “Melania’) and specimens from the 
‘Kimmeridgian/Portlandian’ (Koch and Dunker, 1837) and 
‘L. and U. Kimmeridge’ (v. SEEBACH, 1864) of L. Saxony are 
probably derived from horizons with a similarly restricted 
fauna (HöLder, 1964; HUckKRIEDE, 1967). 


Specimens usually referred to C. cinctus J. SOwERBY but 
which are likely to be phyletic descendants of C. (Cc.) obs- 
curus (see Section 4) are found in the Valanginian and 
Hauterivian of Lincolnshire, where they reach a maxımum 
height of 206 mm (BM L1354). The horizons of greatest 
abundance appear to be the Claxby Ironstone (a chamosite 
oolite containing a diverse fauna including the bivalves Exo- 
gyra, Trigonia and Cucullaea together with ammonites and 
belemnites) and the Tealby Limestone (a sequence of sandy 
limestones, clays and shales). A single specimen (BM L24189) 
is known from roughly contemporaneous deposits ın 
N. Germany but there are no records from further south in 
Europe. 


8. INTERPRETATION OF ECOLOGY 


The oolitic limestones and ironstones most commonly oc- 
cupied by C. (Cc.) obscurus are indicative of generally high 
energy levels and SeLıwoon and McKerrow (1974) have sug- 
gested that periodic storms were an important factor during 
the deposition of the Stonesfield Slate, in which the species is 
particularly common. The levelsat which C. (Cc.) obscurus is 
most abundant in the U. Tithonian of Dorset are indicative of 
regression (TowNson, 1975) and one can assume that shallow- 
ing of the sea resulted in higher environmental energy from 
the increased effect of waves and currents. 


The rarıty of C. (Cc.) obscurus in most argillaceous se- 
quences suggests that the species could not tolerate low energy 
environments. However, evidence from the White Limestone 
Formation, where low energy environments were apparently 
preferentially colonised, belies this reasoning and suggests 
moreover that the abundance of the species in oolitic lime- 
stones, ironstones etc. is not due to a particular liking for high 
energy environments. A dependence on the pre-existence of 
some specific element of the fauna (perhaps oysters) for the 
provision of byssal attachment sites for the juvenile (see Sec- 
tion 9) may have been the primary determinant of distribu- 
tion. 


The occurrence of C. (Cc.) obscurus in the Calcaıre de Bar- 
rois is evidence, according to the facies interpretation of SaLın 
(1935), of a tolerance of reduced salinities. The occurrence of 
the species in the Kimmeridgian/Tithonian sequence of 
L. Saxony provides further evidence of a tolerance of reduced 
salinities if the facies interpretation of Huckkıiee (1967) is fol- 
lowed but is evidence of an additional tolerance of high 
salinities if the facıes interpretation of JorDan (1971) is 
adopted. If confirmed, records from the Bathonian of the 
E. Midlands would be evidence of a tolerance of fluctuating as 
well as low salınities (see. p. 129). 

There is a very noticeable inverse correlation between the 
numbers of C. (Cc.) obscurus and C. (C.) auritus at any one 
time or place which is strongly suggestive of competition. 


There is however little evidence of a similar reaction between 
©. (Cc.) obscurus and C. (C.) laminatus and although the 
rarity of C. (Ce.) obscurus in the Oxfordian is matched by a 
corresponding abundance of C. (Cc.) clathratus competition 
can hardly be invoked in explanation because the species oc- 
cur together in numbers in the Bathonian. The rarity of C. 
(Ce.) obscurus in the Oxfordian is more probably the result of 
competitive exclusion by C. (C.) auritus which occurs widely 
in the stage. 


9. FUNCTIONAL MORPHOLOGY 


Since C. (Ce.) obscurus ıs comparable to C. (C.) auritus ın 
most aspects of morphology, a similar juvenile byssate fol- 
lowed by adult reclining mode of life can be inferred. The 
greater shell thickness and H/UA of C. (Cc.) obscurus proba- 
bly led to the loss of swimming ability at an earlier age, 
although some compensation may have been derived from the 
greater convexity of the left valve. In spite of an apparent 
phyletic reduction in H/L it is still very doubtful whether 
adult representatives of later populations could have swum. 

StarscHe (1926) considered the strong comarginal lamellae 
on the disc to be an adaptation for stability in high energy en- 
vironments. However, in view of the fact that lamellae are 
usually more strongly developed on the left valve (not in con- 
tact with the substrate) and that the non-lamellate species C. 
(C.) laminatus occurs with C. (Cc.) obscurus in high energy 
environments, STAESCHE’s hypothesis is implausible. A more 
likely explanation is thatthe lamellae provided camouflage or, 
as STAESCHE also hypothesised, that they served to strengthen 
and stiffen the shell against predatory attacks, to which the 
anımal must have been susceptible in the sessile adult stage. 


10. ORIGINS AND EVOLUTION 


C. (Cc.) obscurus almost certainly arose from C. (C.) au- 
ritus. Regulatory gene evolution leading to heterochrony can 
be invoked to explain differences in UA, HAA and AH. 
However, simultaneous acceleration (for the firsttwo) and re- 
tardation (for the last) would have to have occurred (see p. 
132). A more fundamental alteration of the genome is probably 
indicated by the appearance of such new features as comar- 
ginal lamellae and radial striae and, in the absence of ancestral 
allometry, by the higher Ip/L of C. (Ce.) obscurus. 


Within C. (Cc.) obscurus maximum height undergoes an 
overall phyletic increase in the passage from Aalenian 
(74 mm) to Bajocıan (93.8 mm) to Bathonian (69 mm) to 
Tithonian (122 mm) to Valanginian (206 mm). The tempo- 
rary reversal to the otherwise smooth trend in the Bathonian is 
undoubtedly a real phenomenon since a large number of 
specimens are available for measurement from the stage. 
There seems also to be a phyletic reduction in H/L from the 
Bathonian to Tithonian but the lack of data from intermediate 
stages precludes an assessment of whether or not evolution 
occurred gradually. Since H/L decreases during the ontogeny 
of ancestral populations the phyletic reduction in H/L could 
have been brought about by acceleration of shape develop- 
ment with respect to size. 
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Text fig. 131: Camptonectes (Camptochlamys) clathratus — height/length. 


Camptonectes (Camptochlamys) clathratus (ROEMER 1836) 
Pl. 4, Figs. 23, 26, 27, Pl. 5, Figs. 1-3, 6; text figs. 131-136 


1836 


1839 


1842 


v*? 1850 


v* 1852 


v* 1853 


1853 


1853 


Synonymy 


Pecten clathratus sp. nov; ROEMER, p. 212, pl. 13, 
fig. 9. 

Pecten intertextus sp. nov; ROEMER, p. 27, pl. 18, 
fig. 23. 

Pecten collineus sp. nov; BUVIGNIER in SAUVAGE 
and BUVIGNIER, p. 533, pl. 4, fig. 7. 

Pecten Rosimon sp. nov; D’ORBIGNY, v. 1, p. 327 
(BOULE, 1913, v. 8, p. 92, pl. 2, figs. 26, 27). 
Pecten Michaelensis sp. nov; BUVIGNIER, p. 24, 
pl. 32, fig. 4. 

Pecten retiferus sp. nov; MORRIS and LYCETT, 
p- 9, pl. 1, figs. 15, 15a. 

Pecten personatus GOLDFUSS; MORRIS and Ly- 
CETT, p. 11, pl. 1, fig. 17 (non fig. 17a, non GOLD- 
FUSS sp.). 

Pecten clathratus ROEMER; MORRIS and LYCETT, 
p- 13, pl. 1, figs. 19, ?19a. 


1860 
1862 


1862 


1863 


1863 


1867 


1875 


1893 


1894 


1904 


1905 


1905 
non 1906 


Pecten clathatrus ROEMER; COQUAND, p. 79. 
Pecten pertextus sp. nov; ETALLON in THURMANN 
and ETALLON, p. 257, pl. 36, fig. 7. 

Pecten Frotei sp. nov; ETALLON in THURMANNand 
ETALLON, p. 258, pl. 36, fig. 9. 

Pecten Michaelensis BUVIGNIER; LYCETT, p. 34, 
pl. 33, fig. 3. 

Pecten intertextus ROEMER; DOLLFUS, p. 81, 
pl. 15, figs. 143. i 
Pecten retiferus MORRIS and LYCETT; LAUBE, 
p- 10. 

Pecten intertextus ROEMER; DE LORIOL and 
PELLAT, p. 200, p. 23, fig. 2. 

Pecten intertextus ROEMER; DE LORIOL and LAM- 
BERT, p. 138, pl. 11, figs. 8, 8a. 

Pecten intertextus ROEMER; DE LORIOL, p. 40. 
Pecten intertextus ROEMER; DE LORIOL, p. 216. 
Pecten (Chlamys) retiferus MORRIS and LYCETT; 
KıLıan and GUEBHARD, p. 758. 

Pecten intertextus ROEMER; PERON, p. 219. 
Chlamys rosimon (D’ORBIGNY); COSSMANN, p. 4, 
pl. 1, figs. 7-9. 
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Camptonectes (Camptochlamys) _intertextus 
(ROEMER); Cox and ARKELL, p. 14. 
Camptonectes (Camptochlamys) rosimon (D’ORB- 
IGNY); COX and ARKELL, p. 14. 

Camptonectes rigidus (J. SOWERBY); ROSSI RON- 
CHETTI and FANTINI SESTINI, p. 122, pl. 13, 
figs. 1, 2 (non J. SOWERBY sp.). 

Camptochlamys retiferus (MORRIS and LYCETT); 
BARBULESCU, p. 701. 

Camptochlamys intertextus (ROEMER), BARBU- 
LESCU, p. 701. 

Camptonectes retiferus (MORRIS and LYCETT); 
J--C. FISCHER, p. 19. 

Camptonectes (Camptochlamys) cf. intertextus 
(ROEMER); KELLY, p. 88, pl. 1, figs. 18a-c, 19, 20. 


The holotype (M) of Pecten clathratus RoE- 
MER 1836, p. 212, pl. 13, fig. 9 is probably in 
the ROEMER-PELIZAEUS-Museum, Hildes- 
heim, W. Germany. It was derived from the 
Oxfordian of N. Germany. 


1906 Chlamys retifera (MORRIS and LyYCETT; Coss- 1948 
MANN, p. 5, pl. 1, figs. 10, 11. 
1907a_ Chlamys retifera (MORRIS and LYCETT); Coss- (?) 1948 
MANN, p. 240, pl. 8, figs. 14, 15. 
1923 Chlamys Lafayı sp. nov; LISSAJOUS, p. 159, pl. 30, ? 1961 
figs. 1,2. 
vnon 1926 Chlamys Rosimon (D’ORBIGNY); STAESCHE, p. 38, 
pl. 2, fig. 1. 1961 
v1930a  Chlamys (Camptochlamys) intertextus (ROEMER); 
ARKELL, p. 103, pl. 8, figs. 1,2. 1961 
? 1931 Pecten (Chlamys) pertextus var. densiradiatus var. 
nov; SOKOLOV and BODYLEVSKY, p. 54, pl. 3, figs. 1964 
6a, 6b. 
(?) 1936 ?Camptochlamys Rosimon (D’ORBIGNY); DECHAS- ? 1977 
EAUX, p. 38. 
1936  Camptochlamys retiferus (MORRIS and LYCETT); 
DECHASEAUX, p. 39. 
1936 Camptochlamys Lafayi (LissaJoUS); DECHAS- 
EAUX, p. 39. 
1936 _ Camptochlamys intertextus ROEMER; DECHAS- 
EAUX, p. 39. 
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Text fig. 132: 
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Camptonectes (Camptochlamys) clathratus — height/umbonal angle. 


1. ORIGINAL DIAGNOSIS AND DESCRIPTION 


‘P. testa lineis capillaribus acutis radiantibus rectis concen- 
tricisque regulariter clathrata, interstitiis planis quadratis. 


Die ziemlich dünne Schale scheint fast kreisrund gewesen 
zu sein und trägt oben zahlreiche, haarförmige, schief in die 
Höhe gerichtete, gleich weit von einander stehende Linien, 
von den gerade ausstrahlende mit concentrischen ein sehr 
zierliches, feines Gitterwerk bilden. Die viereckigen, meist 
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mehr breiten als hohen Flächen zwischen den Linien sind 
ganz flach. 

Das abgebildete Bruchstück fand sich im oberen Coral rag 
des Spitzhuts mit Terebr. tetragona und Turbo princeps zu- 
sammen.‘ 


2. AMENDED DIAGNOSIS 


Distinguished from C. (Ce.) obscurus by the fact that the 
radial striae reach the ventral margins at all stages in ontogeny. 


Dell zit | U 
20 40 


Text fig. 133: Camptonectes (Camptochlamys) clathratus — intersinal distance on left valve/length. 
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3. AMENDED DESCRIPTION 


Essentially similar to C. (Ce.) obscurus apart from the 
diagnostic feature (see Section 2), possibly somewhat higher 
mean H/UA (text fig. 132), apparent allometric decrease in 
AH/L and Iy/L (text figs. 134, 133), lower comarginal lamel- 
lae and usual lack of divaricate striae (see p. 133). There are be- 
tween 33 and 45 radial striae on the left valve and between 45 
and 68 on the right valve (Pl. 4, Figs. 23, 26, 27, Pl. 5. Figs. 
1386): 


Other metric proportions are plotted in text figs. 131, 135. 


4. DISCUSSION 


As for C. (Camptochlamys) obscurus the disjunct strati- 
graphic range of the species described in Section 3 combined 
with a failure to appreciate the range of ornamental variation 
has led to the evolution of two taxonomic schemes for M. and 
U. Jurassic representatives. Arkrıı (1930a) considered that 
Oxfordian specimens (referred to ‘Chlamys’ (Cc.) intertextus 
(Rormer)) differed from Bathonian specimens (referred to 
‘Ch.’ (Cc.) retiferus (Morrıs and Lycett)) by the possession 
of 45-50 compared with 35-40 radial striae. Since ARrKELL 


failed to recognise the disparity in numbers of striae between 
right and left valves this gives an incomplete picture of varia- 
tion. However, if one assumes that counts were taken only 
from left valves, as seems likely, then the existence of Oxford- 
ian specimens with 40 striae (e. g. YM 557) and Bathonian 
specimens with 45 striae (e. g. BM 65901) clearly contradicets 
Arkeır’s hypothesis. Metric proportions offer no other 
grounds for a distinction, the larger Oxfordian forms plotting 
within the range of extrapolated Bathonian ontogenies (text 
figs. 131-135). Moreover the figured original of “Pecten’ in- 
tertextus ROEMER, although only a broken specimen, is indis- 
tinguishable from the lectotype of ‘P.’ retiferus Morris and 
Lycert (IGS 9169; Pl. 4, Fig. 26). 

On the basıs of the preceding discussion the Oxfordian 
species ‘P.’ pertextus Erauıon and ‘P.’ Michaelensis Buvic- 
nıEr (both described as having finer ornament than ‘P.’ inter- 
textus) cannot be separated from the species described in Sec- 
tion 3. In addition the figured original of ‘P.’ Michaelensis 
(ENSM L340; Pl. 5, Fig. 3) has metric proportions (1) which 
plot within the range of projected ontogenies of the species 
described in Section 3. ‘Ch.’ Lafayı Lıssajous was separated 
from ‘P.’ Michaelensis only by a difference in ornament at 
large sizes. Since the figured original of the latter species turns 
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Text fig. 134: Camptonectes (Camptochlamys) clathratus — anterior hinge length/length. 


outto be a large abraded specimen this is an insufficient basis 
for a specific distinction. 


The present author has been unable to trace the original 
reference to ‘P.’ collineus BuviGnier but Arkeıı (1930a) places 
the species in synonymy with ‘Ch.’ (Ce.) intertextus. 
‘P.” Frotei EraLLon was compared with ‘P.’ collineus in the 
original description and metric proportions of the original 
figure (2) plot within the range of the species described in 
Section 3. 


The holotype (M) of ‘P.’ Rosimon v’Orsıcny (MNO 
2905) is a poor specimen whose large number of radıal striae 
suggests that it may be referable to Radulopecten vagans (the 
interpretation followed by Cossmann [1906]) rather than the 
species described in Section 3 (the interpretation apparently 
followed by DecHaseAux [1936] and Cox and Arkeıı [1948]). 
The specimen (GPIT 1592/5; Pl. 8, Fig. 16) referred to 
‘Ch.’ rosimon by STAESCHE (1926) ıs much more strongly or- 
namented than D’Orsıcnv’s holotype and belongs in Ch. 
(Ch.) textoria. 


Of the species considered to be synonymous above, 
‘P.’ intertextus ROEMER was the first designated. However, 
an earlier species ‘P.’ clathratus ROEMER has the characteristic 
reticulate ornament of the species described in Section 3 and 
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although only described from a fragment must bi siven his- 
torical precedence. One of Morrıs and Lycrri's (1353) figures 
of ‘P.’ clathratus (pl. 1, fig. 19) is indistinguishable from 
ROEMER’s species but the other (pl. 1, fig. 19a) is more 
reminiscent of C. (C.) laminatus. The same authors also figure 
an example of Rormer’s species (pl. 1, fig. 17) under the 
non-synonymous specific name ‘P.’ personatus GoLDFuss 
(see p. 24). The other figured example of ‘P.’ personatus 
(pl. 1, fig. 17a) may be referable to C. (C.) laminatus. A 
specimen referred to the non-synonymous species C. rıgidus 
(J. Sowergy) by Rossı RoncHETTI and Fanrint Sesrini (1961) is 
discussed on p. 127. 


Kerıy’s (1977) record of C. (Cc.) cf. intertextus from the 
M. Volgıan can only tentatively be placed in synonymy be- 
cause the small size of his specimens allows the possibility of 
confusion with juveniles of C. (Cc.) obscurus, a common 
species at this horizon. Similar reasoning applies to the tenta- 
tive inclusion of ‘P.’ (Ch.) pertextus var. densiradıatus 
SoroLov and Bopyrevsky (1931). 


5. STRATIGRAPHIC RANGE 


Two specimens (BM LL1593, LL23688) from the Bajocıan 
ofS. England are probably referable to C. (Cc.) clathratus as 


40 
o 
a 
o 
= ® 
30-1 
_ Ü) 
PH 2 
| ® 
20-1 ° 
[m] 
_| ja) 
10 
ja) 
je) 
L Yu} 
2 
If T T T 1 T T T 1 Tre ne az ame T T T T T T Isgpeli ] 
20 40 60 80 100 120 


Text fig. 135: 


Camptonectes (Camptochlamys) clathratus — posterior hinge length/length. 


148 


are a number of specimens from the U. Bajocian ın DM. Dr- 
cHsraux (1936) records an indeterminate number of speci- 
mens from the Bajocıan of the E. Paris Basin. In the appro- 
priate facies (see Section 8) the species is quite common in the 
Bathonian but it becomes rare again in the Callovian. Two 
specimens are known from the U. Cornbrash of Yorkshire 
(YM 592, BM 47434), a few specimens reside in DM,and Dr- 
CHASEAUX (1936) records an indeterminate number of speci- 
mens from the Callovian of the E. Paris Basin. The species ıs 
locally quite common in the Oxfordian but becomes rare in 
the Kimmeridgian, unequivocal records being limited to NW 
France (BM 25346, 65895; DoLrrus, 1863), W. France (one 
specimen, author’s collection) and the Jura (THURMANnN and 
EraLLon, 1862). 


Kerry (1977) records nine specimens, which may be refer- 
able to C. (Cc.) clathratus (see Section 4) from the M. Volgian 
(M. Tithonian) of Lincolnshire. 


6. GEOGRAPHIC RANGE 


C. (Cc.) clathratus occurs widely in northern and central 
Europe (text fig. 136), its local distribution and abundance 
being largely controlled by the development of the appro- 
priate sedimentary facies (see Section 8). Records outside 
Europe are limited to two dubious specimens (see Section 4), 
one from Afghanistan (Rossı ROncHETTI and FAnTinı! SEstinı, 
1961) and the other from Spitzbergen (SokoLov and Bopy- 
LEVSKY, 1931). 
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Text fig. 136: Camptonectes (Camptochlamys) clathratus — European distribution. 


7. DESCRIPTION OF ECOLOGY 


In the Bathonian of England C. (Cc.) clathratus is found 
quite commonly in the Minchinhampton Beds (L. Batho- 
nıan) where it reaches a maximum height of 57.5 mm (BM 
LL1593). The sediments are grain supported shelly oolites 
containing a diverse gastropod and bivalve fauna, including 
C. (Cc.) obscurus (Morris and Lyc£tt, 1851-55). The species 
is also quite common in the roughly contemporaneous Cal- 
caireä Polypiers of Normandy and occurs in acoral bed in In- 
dre with Spondylopecten (S.) palinurus and the ‘coarse’ 
phenotype of Chlamys (Ch.) textoria (Cossmann, 1907a; 
J--C. Fischer, 1964). 


In the Oxfordian of Yorkshire large specimens of C. (Cc.) 
clathratus occur in the Malton Oolıte (Plicatilis zone), reach- 
inga maximum height of 140 mm (YM 492D). The sediments 
are oolites, usually poorly fossiliferous, but locally contain- 
ing coral debris and such bivalves as the ‘coarse’ phenotype of 
Ch. (Ch.) textoria, Lima, Exogyra, Opis, Gervillia and 
Trichites, together with the gastropod Pseudomelania 
(J. WricHt, 1972). C. (Cc.) clathratus ıs rare in contem- 
poraneous oolites on the Dorset coast (Ösmington Oolite) ın 
which coral debris is absent. The species is reported to be 


common in reef and reef-derived sediments in the Yonne 
(Prron, 1905) and records from the Oxfordian of the Meuse 
(Buvisnier, 1852), Jura (De LorıoL, 1894, 1904) and L. Sax- 
ony (ROFMER, 1836) are from a similar facies,as may be records 
from the Kimmeridgian of the Jura (Thurmann and ErarLon, 
1862). The author has collected a specimen from Kimmerid- 
gian marls adjacent to patch reefs at La Rochelle (Charente 
Maritime). 


Other records of C. (Cc.) clathratus consist of small or ın- 
determinate numbers of specimens. 


8. INTERPRETATION OF ECOLOGY 


The usual occurrence of C. (Cc.) clathratus in oolitic and 
reefal deposits indicates a preference for environments of high 
energy. The rarıty of the species in the Callovian and Kim- 
meridgian of northern and central Europe (see Section 5) and 
throughout the M. and U. Jurassic in southern Europe (see 
Section 6) can thus be viewed as a consequence of the wide- 
spread development of low energy, clay-grade facies. 


Inthe U. Jurassic of continental Europe there is aclear cor- 
relation between the distribution of coral reef facies and that 


of €. (Cec.) clathratus. Although the species occurs in oolites 
in the Oxfordian of Yorkshire, the occasıonal presence of cor- 
alsand areef-derived fauna may indicate that a substantial reef 
existed nearby (J. WRIGHT, 1972) and thus an association with 
this facies for at least part of the life history cannot be ruled 
out. The rarity of C. (Cc.) clathratus in contemporaneous 
non-coralliferous oolites in Dorset is evidence that such sedi- 
ments alone could not induce colonisation of an area by C. 
(Ce.) clathratus. There are however few grounds for invoking 
the presence of unexposed reefs to explain the occurrence of 
C. (Cc.) clathratus in Bathonıan oolites at Minchinhampton, 
although the recent discovery (Acer et al., 1973) of Isastrea 
and Thamnasteria should be noted. A clearer association 
with corals, if not with coral reefs, isindicated by occurrences 
in Normandy and Indre, and the presence in the latter area of 
pectinids which were at least able to colonise reefs is worth 
pointing out. 

It can be summarised from the foregoing that there is a 
strong correlation between the occurrence of €. (Cc.) clath- 
ratus und coralliferous deposits and that numbers may be 
highest in the vicinity of coral accumulations of reefal dimen- 
sions. It could be that level bottom environments adjacent to 
coral stands were inhabited when byssal fixation to corals be- 
came impossible in the later stages of ontogeny (see Sec- 
tion 9). 

Since ©. (Cc.) clathratus occurs with a high diversity fauna 


in, at most, moderate numbers, it was probably an equilib- 
rıum species (LEvINToN, 1970). 


Other species of Camptonectes including the probable an- 
cestor C. (Cc.) obscurus (q. v.) show little sign of having 
competed with C. (Ce.) clathratus. 


9. FUNCTIONAL MORPHOLOGY 


Since C. (Cc.) clathratus is in most morphological respects 
identical to C. (Cc.) obscurus, a juvenile byssate followed by 
an adult reclining mode of life can be similarly inferred. Cor- 
als probably constituted the favourite site for byssal attach- 
ment and oolites seem to have been preferred for the reclining 
phase (see Section 8). 


10. ORIGINS AND EVOLUTION 


The most likely ancestor for ©. (Cec.) clathratus ıs C. (Cc.) 
obscurus. Since the radially striate ornament characteristic of 
adult representatives of the former species is present in 
juveniles of the latter trans-specific evolution could have been 
largely brought about by the heterochronic retardation of 
shape development with respect to size. As C. (Cc.) clath- 
ratus first occurs within the geographic range of C. (Ce.) 
obscurus the possibility of sympatric speciation cannot be en- 
tirely ruled out. It may be that speciation followed after a few 
individuals of C. (Ce.) obscurus switched to corals for 
juvenile byssal attachment, whence disruptive selection and 
establishment of a stable polymorphism ensued (cf. TAußEr 
and Tausger, 1977a, b). 


Within C. (Ce.) clathratus there is a marked increase ın 
maximum height from the Bathonian (57.5 mm) to the Ox- 
fordian (140 mm) although the paucity of intermediate rec- 
ords precludes an assessment of wether or not this repre- 
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sents agradual trend. Phyletic increase in size combined with 
a neotenous origin are strong indicators of the prevalence of 
‘K’ selection (GouLp, 1977). 


Genus EOPECTEN DowvıLı£ 1897 


(Synonyms etc. Velata Quenstepr 1856 [non GrirFItH and 
PıngEon 1934, obj.] 
Velopecten PruLiprı 1899 [pro Velata 
QUENSTEDT 1856, non Velates MONTFORT 
1810] 
Velatopecten RoıLırr 1906 [nom. van.]) 


Type species. OD; Dowvitct 1897, p. 203; Hinnites tuber- 
culatus Gowvruss errore pro Spondylus tuberculosus 
Goıpruss 1836, p. 93, pl. 105, fig. 2; Aalenıan/Bajocıan, 
Swabia. 


AMENDED DIAGNOSIS 


Medium sized to large, acline, more or less irregular in out- 
line at all stages of growth, some specimens irregularly puck- 
ered or with allomorphic ornament; inequivalve, with LV 
convex and RV flat or concave; left anterior wing large, indis- 
tinctly demarcated, right anterior auricle elongate, deep sub- 
auricular notch with ctenolium below it; posterior wing 
rather small; RV with narrow, obtusely triangular cardinal 
area with deep, narrowly triangular pit below beak corres- 
ponding to resilium (same in LV); interior of RV in some 
specimens with blunt oblique internal ridge originating near 
resilifer; ornament of striae and costae of varying strengths. 


L. Jur. (Hettang.)-L. Cret. (Alb.), cosmop. 


DISCUSSION 


In his diagnosis HErTLEın (1969: N373) implied that Eopec- 
ten was cemented early in ontogeny. The present author can 
find no positive evidence for this. The hinge characteristics of 
the left valve, unknown to HERTLEIN, are now clear. 


The immense variability within Eopecten, at least some of 
which is demonstrably ecophenotypic (see p. 154), has re- 
sulted in the designation ot a plethora of specific names by 
typological authors. RorLier (1915) alone cites 51 species 
from the Mesozoic of central W. Europe. Such numbers seem 
highly improbable in the light of analyses of Recent com- 
munities and with the evidently slow rate of species turnover 
inthe Pectinidae. However, itremains difficult to evaluate the 
extent of ecophenotypic ‘noise’ in order to delineate true 
species. An analysis along the lines adopted for Radulopecten 
vagans (see JoHnson, 1981) might prove instructive although 
sampling problems would undoubtedly be great. In the lack 
of such an analysis the author has been forced to adopt amore 
subjective approach. 


Ornamental variation in left valves appears to be distrib- 

uted around three modal patterns, distinguished as follows: 

1. Ornament clearly differentiated into costae and striae in 
all but very large specimens. 
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2. Intercalary costae rapidly gaining the same size as origi- 
nal costae which are themselves of approximately equal 
size. 

3. Intercalary costae rapidly gaining the same size as origi- 
nal costae but two of latter greatly enlarged and bearing 
tubercles. 


Since, at any one locality, there is amarked tendency for 
only one of the modal patterns (and variants thereof) to be 
present it may be that the modes themselves represent 
ecophenotypic variants and that therefore all Jurassic Eopec- 
ten should be placed in a single species. However, in the lack 
ofastatistical analysis of ontogeny (see above) and of an adap- 
tive reason for such ecophenotypic variation it is preferred 
herein to treat the three modes as being indicative of three 
separate species (respectively E. velatus, E. spondyloides and 
E. abjectus) and to assume that the mutual exclusion at any 
one locality is due to inter-specific competition. 


There ıs some suggestion, based on the number of costae 
(see p. 152), that forms grouped around mode 1 may them- 
selves be divisible into two groups. However, until separate 
contemporaneous lineages can be demonstrated the author 
prefers to attribute such differences as do exist to phyletic 
evolution within a single species. 

Due to the difficulties in defining Eopecten species at the 
outset comprehensive descriptions or figures have to be avail- 
able (in the absence or non-availability of type material) be- 
fore a taxonomic species can be assigned to one of the above 
groups. Consequently a number of rather poorly charac- 
terised taxonomic species of Eopecten have had to be left out 
of the synonymy lists pending examination of type material. 
These include: ın GoLpruss (1836), ‘Hinnites’ tenuistriatus 
Monster; in Tietze (1872), ‘A.’ sublaevis; in GEMMELLARO 
and Dı Bıası (1874), ‘A.’ Waageni; ın GEMMELLARO (1878), 
‘“H.’ ctenopsides, ‘H.’aracnoides; in Braschke (1911), 
‘P.’ kotoucensis; in Roruier (1915), “H.’ (“Prospondylus’) 
Greppini, ‘H.’ (‘Pr.’) ferrugineus, ‘A.’ (‘Pr.’) Dollfusi, ‘A.’ 
(‘Pr.’) Argoviensis, ‘A.’ (Terquemia’) Censoriensis; ın Parıs 
and RıcHAaroson (1916), Eopecten doultingensis; ın DE GRE- 
GorIo (1922); “Pecten’ flexocostulatus. 


Eopecten velatus (GoLDruss 1833) 
Pl. 5, Figs. 4, 5, 7, 8; text figs. 137-141 


Synonymy 

1833 _ Pecten velatus sp. nov; GOLDFUSS, p. 45, pl. 90, 
fig. 2. 

1833 _ Pecten tumidus sp. nov; HARTMANN in V. ZIETEN, 
p- 68, pl. 52, fig. 1. 

1836 Lima inaequistriata sp. nov; GOLDFUSS, p. 81, 
pl. 114, fig. 10. 

1836  Spondylus velatus sp. nov; GOLDFUSS, p. 94, 
pl. 105, fig. 4. 


v* 1850  Hinnites inaequistriatus sp. nov; D’ORBIGNY, v. 2, 
Ps22: 
non 1853 Hinnites velatus (GOLDFUSS); MORRIS and Ly- 
CETT, p. 14, pl. 2, figs. 2, 2a. 
v 1858 Pecten velatus GOLDFUSS; QUENSTEDT, p. 148, 


pl. 18, fig. 26, p. 184, pl. 23, fig. 3. 
1858 Pecten velatus albus subsp. nov; QUENSTEDT, 
p- 628, pl. 78, fig. 3. 
Pecten velatus (GOLDFUSS); 'THURMANN and 
ETALLON, p. 266, pl. 37, fig. 12. 


non 1862 


non 


non 


non 


Hinnites inaequistriatus D’ORBIGNY; THURMANN 
and ETALLON, p. 267, pl. 37, fig. 13. 

Hinnites Hautcoeuri sp. nov; DOLLFUS, p. 86, 
pl. 17, figs. 1,2. 

Hinnites velatus (GOLDFUSS); DUMORTIER, p. 70, 
pl. 4, figs. 1-3. 

Hinnites Davaei sp. nov; DUMORTIER, p. 141, 
pl. 21, figs. 9, 10. 

Hinnites inaequistriatus D’ORBIGNY; DE LORIOL 
etial.,p»391.,p1.123 211022: 

Hinnites velatus (GOLDFUSS); TIETZE, p. 108, 
pl. 3, fig. 2. 

Hinnites velatus (GOLDFUSS); DUMORTIER, p. 308, 
pl. 62, figs. 3, 4 (non p. 195, pl. 43, fig. 6). 
Hinnites thurmanni sp. nov; BRAUNS, p. 343. 
Pecten hinnitiformis sp. nov; GEMMELLARO and 
Dı BLası, p.117, pl. 2, figs. 16-19. 

Pecten hinnitiformis GEMMELLARO and Dı BLası; 
GEMMELLARO, p. 49. 

Hinnites tumidus (HARTMANN); TATE and BLAKE, 
p- 365. 

Hinnites astartinus GREPPIN; DE LORIOL, p. 163, 
pl. 23, fig. 3. 

Hinnites inaequistriatus D’ORBIGNY; BOEHM, 
p- 181, pl. 40, fig. 1. 

Hinnites gigas sp. nov; BOEHM, p. 182, pl. 40, 
figs. 11, 12. 

Hinnites subtilis sp. nov; BOEHM, p. 182, pl. 40, 
fig. 4. 

Hinnites cf. astartinus GREPPIN; BOEHM, p. 619, 
pl. 68, figs. 7, 8. 

Hinnites velatus var. irgetus var. nov; DE GREG- 
ORIO, p. 20, pl. 13, figs. 1-6. 

Pleuronectites Aubryı sp. nov; DOUVILLE, p. 228, 
pl. 12, fig. 3. 

Velopecten cf. astartinus (GREPPIN); REMES, 
P- 207, 1.119; fie. 13. 

Velopecten cf. inaequistriatus (D’ORBIGNY); REM- 
ES, p. 207, pl. 20, fig. 1. 

Hinnites Bonjouri sp. nov; DE LORIOL, p. 231, 
pl. 25, figs. 1, 2. 

Hinnites inaequistriatus (D’ORBIGNY); PERON, 
p. 238. 

Hinnites (Prospondylus) Dumortieri sp. nov; 
ROLLIER, p. 452. 

Hinnites (Prospondylus) Quenstedti sp. nov; 
ROLLIER, p. 453. 

Hinnites (Prospondylus) Toarciensis sp. nov; 
ROLLIER, p. 453. 

Hinnites (Prospondylus) ammoniticus sp. nov; 
ROLLIER, p. 461, pl. 30. 

Hinnites (Prospondylus) Orbignyı sp. nov; ROL- 
LIER, p. 464. 

Eopecten Dumortieri sp. nov; COSSMANN, pp. #8, 
49, text figs. 1,2. 

Velopecten velatus (GOLDFUSS); ARKELL, p. 549, 
pl. 34, fig. 6. 

Velopecten tumidus (HARTMANN); STAESCHE, 
p- 117, pl. 4, fig. 7, pl. 5, fig. 4. 

Velopecten velatus (GOLDFUSS); STAESCHE, p. 122, 
pl. 6, fig. 11. 

Velata velata (GOLDFUSS); COX, p. 244. 

Velata inaequistriata (D’ORBIGNY); DIETRICH, 
p- 67, pl. 8, fig. 129. 

Entolium hanptsmooris sp. nov; KUHN, p. 469, 
pl. 18, figs. 2a-c. 

Velata velata (GOLDFUSS); Cox, p. 4, pl. 1, 
figs. 2, 3. 

Velata Bonjouri (DE LORIOL); DECHASEAUX, 
p- 70, pl. 8, fig. 14. 

Velata Hettangiensis sp. nov; DECHASEAUX, p. 71, 
pl29, Hg. 


1936  Velata tumidus (HARTMANN); KUHN, p. 250, 
pl. 11, fig. 2. 

1939 Velata aubryi? (DOUVILLE); STEFANINI, p. 186, 
pl. 20, figs. 10, 11, pl. 21, fig. 1. 

1952 _ Eopecten aubryi (DOUVILLE); Cox, p. 52, pl. 6, 


figs. 3, 4. 

1965 _ Eopecten aubryi (DOUVILL£); Cox, p. 52, pl. 6, 
figs. 3, 4. 

1965 Eopecten thurmanni (BRAUNS); Cox, p. 53, pl. 6, 
fig. 8. 
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1965 Eopecten aff. albus (QUENSTEDT); Cox, p. 54, 
pl. 6, fig. 7. 
non 1973 Chlamys (Velata) cfr. velata (GOLDFUSS); LEN- 
TINI, p. 29, pl. 15, fig. 8. 


Neotype of Pecten velatus GOLDFUSS, p- 45, 
pl. 90, fig. 2 herein designated; GPIT 
1592/2; Pl. 5, Fig. 7 herein; L. Pliensbachian, 
Eslingen, S. Germany. 


Text fig. 138: Eopecten velatus - World distribution (Pliensbachian reconstruction). 


1. ORIGINAL DIAGNOSIS AND DESCRIPTION 


‘Pecten testa obliqua ovato-orbiculari convexa, costis 
linearibus distantibus (14) minoribus totidem intermediis 
lineisque pluribus interstitialibus, lineis concentricis subtilis- 
simus confertis, auriculis inaequalibus decussatim lineatis. 


E montibus Herciniae et Palatinatus superioris. M.B. M. 
M. 


Schief eiförmig-kreisrund, flach-convex, mit 14 linien- 
förmigen Rippen, mit welchen eben so viel etwas niedrigere, 
abgekürzte, abwechseln. Die Zwischenräume sind mit 2-3 
feinen Linien ausgefüllt, und die ganze Fläche mit sehr zarten, 
gedrängten, concentrisch Linien gegittert. Die ungleichen 
Ohren haben ähnliche Rippen und Linien, und verlaufen 
sanft ansteigend gegen die Höhe des Wirbels. 

Findet sich bei Quedlinburg, Bayreuth und Amberg.‘ 


2. AMENDED DIAGNOSIS 


Distinguished from other species of Eopecten by the dif- 
ferentiation of the ornament on the left valve into costae and 
striae in all but very large specimens (e. g. BM 65900; Pl. 5, 
Fig. 8). 
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Text fig. 139: Eopecten velatus — height/length. 


3. AMENDED DESCRIPTION 


Disc shape extremely variable, often irregular (Pl. 5, 
Fig. 4), generally longer than high (text fig. 139), maximum 
height 110 mm (OUM ]J14501). Umbonal angle varıable (text 
fig. 140) usually increasing during ontogeny. Disc flanks low. 
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Text fig. 140: Eopecten velatus — height/umbonal angle. 


Approximately equilateral to markedly inequilateral; in- 
equivalve, right valve usually flat, left valve low to high con- 
vexity. 

Intersinal distance greater in left valve than right, very large 
byssal notch with well developed ctenolium. 


Auricles poorly demarcated from disc, variable in size, 
usually large with anterior (text fig. 141) larger than post- 
erior. All auricles meeting hinge line at about 90°. Anterior 
auricle of left valve and both posterior auricles meeting disc at 
an acute angle. Anterior auricle of right valve meeting disc at 
an obtuse angle. 


Right valve bearing a large number (< 150) of fine radial 
striae (Pl. 5, Fig. 5). Ornament of left valve very variable, 
usually comprising between 15 and 20 (range 5-28) original 
radıal costae (see Section 4) between each pair of which are 
4-6 (range 2-8) fine radial striae. Both costae and striae of var- 
iable height and often sinuous (Pl. 5, Figs. 4, 7, 8). 


Shell thickness variable, left valve usually thicker than 
right. 


4. DISCUSSION 


Speeimens possessing the diagnostic features of Section 2 
which have been described from the L. Jurassic have a 
mınımum of 14 (‘Pecten’ velatus GoLpruss) and a maximum 
of 24 (“Hinnites’ Davaeı Dumorrirr) costae on the left valve. 
Museum specimens of the same age usually possess between 
15 and 20 costae. Specimens described from the U. Jurassic 
may have as few as 5 (‘H.’ inaequistriatus D’OÖRBIGNY; DE 
LorıoL et al.) or as many as 28 (‘P.’ velatus albus QuEns- 
TEDT) costae. Moreover the large number of specimens which 
have been described with costal counts below the L. Jurassic 
range (e. g. Eopecten thurmannı (BrAauns); Cox with 8, Vel- 
opecten cf. inaequistriatus (D’OrBıcnY); Remes with 10, 
‘P.’ hinnitiformis GrmwmeLLaro and Dı Brası with 10-12, 
“A.” cf. astartinus pe LorıoL; BoEHM with 12 and E. aff. al- 
bus (Quensteor); Cox with 13) indicates that the mean 
number of costae may be less in U. compared withL. Jurassic 
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Text fig. 141: Eopecten velatus — anterior hinge length/height. 


samples. Specimens with costal counts within the L. Jurassic 
range do however exist (e. g. ‘A.’ astartinus GREPPIN; DE 
LorıoL with 16, ‘AH.’ cf. astartinus Grerrin; BOEHM with 17 
and ‘V.’ velatus (GowLDFuss); STAESCHE with 20) and in the ab- 
sence of any evidence for a bimodal distribution suggest that 
the increase in range and possible reduction in mean number 
of costae is due to phyletic evolution within a single lineage. 
All forms possessing the diagnostic features of Section 2 are 
therefore included within the same species (see p. 150). Earlier 
authors labelled many individual varıants of this species with a 
name thus a large number of synonymous taxonomic species 
have been generated. It seems futile to set down the 
peculiarities of each of these. Rather, those which are ade- 
quately characterised such that, in the author’s opinion, they 
undoubtedly fall within the range of Section 3, are placed in 
synonymy and discussion ıs mainly limited to taxonomic 
problems. A large number of inadequately described or 
poorly illustrated secondary references to synonymous 
species are excluded from the synonymy and are not taken 
into consideration in subsequent sections. They may be 
traced in QUENSTEDT (1843, 1852), OrreL (1853, 1858), CoQ- 
uvanD (1860), TrAautscHoLD (1861), PhirLirs (1871), 
NEUMAYR (1871), TERQuEM and PırrTE (1865), Brauns (1871, 
1874), TATE and Brake (1876), BoEHM (1881), ALtH (1882), 
ROoEDER (1882), Sımpson (1884), Kııan (1889), BOTTO-MiccA 
(1893), BEHRENDSEN (1893), MOÖRICKE (1894), GrEPPIN (1898), 
Kırıan and Guf£BHArD (1905), TRAUTH (1909), SIMIONESCU 
(1898, 1910), Parıs and RıcHarvson (1916), FAURFE-MAR- 
GuERIT (1920), Newton (1921), BLANcHET (1923), ERNST 
(1923), Roman (1926), LAnQuine (1929), Arkeıı (1930a), Yın 
(1931), Cox (1935a), DECHASEAUx (1936), PArEnT (1940), 
Rakus (1964), BEHMEL and GEYER (1966), UrricHs (1966), 
NırzorouLos (1974) and Yamanı (1975). Lentinı’s (1973) re- 
cord of ‘Chlamys’ (‘Velata’) cfr. velata (GoLDruss) appears 
to be a misidentification of Chlamys (Ch.) textoria. 


‘Pecten’ velatus Gowıpruss and ‘P.’ tumidus HARTMANN, 
both described in 1833, appear to have equal claims to be the 
senior synonym of the species described in Section 3. How- 
ever, Cox (1928) has pointed out that ‘P.’ tumidus Harr- 
MANN Is a Junior primary homonym of ‘P.’ tumidus TuRrToN 
(1822) and is therefore not available. There is no trace of the 
type material to ‘Pecten’ velatus in the Goıpruss Collections 
of the BSPHG and GPIB. A neotype (GPIT 1592/2; Pl. 5, 
Fig. 7) is therefore herein designated. GoLpruss (1836) also 
applied the name velatus to Spondylus but his figure ıs clearly 
ofan Eopecten so this usage must be rejected as a junior sec- 
ondary homonym. Cox (1965) raised QuEnstepr’s (1858) 
subspecies ‘P.’ velatus albus to specific rank to act as a re- 
placement name for comparable U. Jurassic forms. How- 
ever, this manoeuvre is rendered superfluous by the present 
author’s inclusion of both the 1833 and 1836 uses of velatns 
Gowpruss within the same hypodigm. Perhaps as a reaction to 
the evident taxonomic confusion a number of authors have 
applied the name velatus as a blanket term to all Jurassic 
Eopecten. Specimens so named in Morris and Lycett (1853), 
THURMAnN and EtaLıon (1862), DumorTier (1964), DE Grr- 
Gorıo (1886d) and Arkkzıı (1926) together with some of the 
specimens (see Synonymy) so named in DUMORTIER (1874) are 
clearly representative of E. spondyloides. 

The name inaequistriatus presents a similar case to that of 
velatus. Cox (1965) rejected ‘A.’ inaeguistriatus D’ORBIGNY 
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(1850) as a junior secondary homonym of ‘Lima’ inaequi- 
striata GoLDFuss (1836) since both species in fact belong to 
Eopecten. The specific name thurmanni Brauns was adopted 
for forms similar to D’OrsıcnY’s species. However, this man- 
oeuvre is rendered unnecessary by the present author’s inclu- 
sion of D’Orsıcny’s and GoLDruss’s species within the same 
hypodigm. It should be noted that the 1850 authorship of ın- 
aequistriatus should undoubtedly be credited to D’OrBıcnY 
rather than to Vortz as DE LorıoL et al. (1872), BoEHM 
(1881), Remes (1903), PEroN (1905) and Dietrich (1933) have 
assumed. VoLrz’s use ofthe name exists only in an unavailable 
manuscript form. 

The original authorship of ‘4.’ astartinus ıs that of Grer- 
pın rather than DE LorıoL, as BoEHM (1883) and Remes (1903) 
have supposed, while the original authorship of ‘P.’ tumidus 
should be attributed to Hartmann rather than v. ZiETEN as 
TATE and Brake (1876) have assumed. 


Although they were not figured RorLier’s (1915) species 
‘“H.’ (‘Prospondylus’) Quenstedti and ‘H.’ (‘Pr.’) Toarciensis 
can confidently be placed in synonymy because they were 
founded on specimens described in Quexstepr (1858) which 
are clearly referable to E. velatus. The same can be said for 
‘“H.’ (“Pr.’) Orbignyi and “H.’ (“Pr.’) Dumortieri which were 
based on specimens described in respectively Prron (1905) 
and Dumorrisr (1864). 


5. STRATIGRAPHIC RANGE 


The earliest certain records of E. velatus are from the 
Planorbis zone of the Rhone (Dumorrirr, 1864) and the Het- 
tangian of Belgium (DecHaAsrAaux, 1936). A few specimens are 
known from the Sinemurian of S. Germany (GPIT) and 
thereafter the species ıs relatively common at most horizons 
until the U. Toarcian. Aalenian records are limited to an inde- 
terminate (probably small) number of specimens from the 
Rhone (Dumorrier, 1874) and a single specimen from the 
E. Parıs Basın (NM). Bajocıan records are similarly limited to 
indeterminate numbers of specimens from Ethiopia (Douvır- 
ı£, 1916) and Somalia (StEraninı, 1939), two specimens from 
N. Italy (BM L61819, L61820) and one fromS. England (BM 
50552). The species is unknown from the Bathonian but is 
recorded from the Callovian of NW India (Cox, 1952), E. Af- 
rica (Cox, 1965), Portugal (BM LL30871) and N. England 
(BM 47438). Unequivocal L. Oxfordian records are limited 
to a small number of specimens from E. Africa (Cox, 1965) 
but in the U. Oxfordian E. velatus occurs widely and is 
common in the Yonne (Prron, 1905). Thereafter the species 
occurs sporadically at most levels until the U. Tithonian 
(BoEHM, 1883; Remes, 1903). 


6. GEOGRAPHIC RANGE 


In Europe (textfig. 137) E. velatus isa widespread species. 
The paucity of records from the M. Jurassic of Europe is 
temporally correlated with the appearance of the species in 
E. Africa and India (text fig. 138) and probably signifies a 
migration along the southern shores of Tethys, perhaps as a 
result of competitive exclusion by the common European 
species, E. spondyloides (see Section 8) and E. abjectus. 
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7. DESCRIPTION OF ECOLOGY 


E. velatus is first recorded in any numbers from L. Pliens- 
bachian clays, marls and limestones in S. Germany, where it 
reaches amaximum height of 63 mm (GPIT). In similar facies 
in the Margaritatus zone (U. Pliensbachian) of the same area 
the species attains a height of 64 mm (GPIT). However, in 
chamosite oolites of the Banbury Ironstone (Spinatum zone) a 
height of 110 mm (OUM J14501) is reached, although speci- 
mens are rare (assoc. fauna p. 16). In the widespread 
bituminous shale facies ofthe_L. Toarcıan E. velatus is simi- 
larly rare but in the U. Toarcıan marls and limestones of 
S. Germany the species ıs relatively common, reaching a max- 
imum height of 41 mm (GPIT). The associated fauna consists 
mainly of ammonites and belemnites. An isolated specimen 
from the Toarcian of France (BM 65900) reaches a height of 
75 mm while in the M. Jurassic, when E. velatus is rare in 
Europe, aspecimen from the Aalenian of France (NM) attains 
a height of 101 mm. 


In the U. Oxfordian E. velatus is reported to occur com- 
monly ın reef limestones in the Yonne (Prron, 1905) where 
E. spondyloides seems to be rare (assoc. fauna p. 88). It also 
occurs ın similar facies in the Jura, reaching a maximum 
height of 70 mm (pe Lorıor, 1904) but is rare in the U. Ox- 
fordian of England where E. spondyloides is common. In the 
Kimmeridgian E. velatus is found sporadically in the faun- 
ally depauperate marls and limestones of Switzerland 
(DE Lorıor, 1878) and S. Germany (STAESCHE, 1926) where it 
reaches a maximum height of 75 mm (GPIT). In the 
L. Tithonian E. velatus returns to reef facies in Sicily (Grn- 
MELLARO and Dı Bıası, 1874; GEMMELLARO, 1875) where, 
however, E. spondyloides is amuch more abundant species. 
Inthe U. Tithonian E. velatus appears to be common in the 
Stramberg coral reef (assoc. fauna p. 88) reaching a max- 
imum height of 84 mm (BoEHMm, 1883; Remes, 1903). 


The great majority of museum specimens are left valves and 
those from argillaceous horizons such asthe U. Toarcian and 
Kimmeridgian (e. g. OUM J33475, BM unnumbered, GPIT) 
often show xenomorphic ornament derived from ammonites 
(Pl. 5, Fig. 4). Apart from those cases discussed above 
E. velatus is an infrequent species. 


8. INTERPRETATION OF ECOLOGY 


It is apparent from Section 7 that throughout most of its 
range E. velatus was an inhabitant of argillaceous facies. In 
some cases the soupy substrates characteristic of such facies 
seem to have been avoided by means of fixation to the hard 
shells of ammonites. However, far from all specimens show 
evidence for such a mode of life. Moreover, E. velatus is con- 
spicuously rare in argillaceous deposits such as occur in the 
U. Jurassic of the peri-Mediterranean region and the 
L. Toarcian of N. Europe where ammonites are abundant 
but benthos is very sparse. Attachment to the living pelagic 
ammonite therefore seems improbable and it is more likely 
that some benthic element, probably bivalves, constituted the 
usual attachment site while dead ammonite shells resting on 
the sea floor provided an acceptable, if not ideal, alternative 
where benthos was restricted (e. g. U. Toarcian and Kim- 
meridgian marls and limestones). Viewed ın these terms the 
abundance of E. velatus in some reefs can be seen as a re- 


sponse to the abundance of hard bodied benthic elements (in- 
cluding bivalves) providing numerous suitable attachment 
sites. The absence or rarity of the species in other coralliferous 
horizons (e. g. U. Oxfordian of England, L. Tithonian of 
Sicily) is correlated with the presence of numerous E. spon- 
dyloides and is therefore suggestive of a competitive reaction 
(see Section 6). There seems to be no definite correlation be- 
tween facies type and the maximum size of E. velatus. 


Irregularly shaped Recent morphological analogues of 
E. velatus include Pedum spondyloideum, a species which 
lives byssally attached deep within coral heads (Yonge, 1967; 
WauLerR, 1972b), and Hinnites multirugosus, a species which 
cements its right valve to rocks and other bivalves (Yonge, 
1951). 


9. FUNCTIONAL MORPHOLOGY 


The extremely large byssal notch of E. velatus implies that 
byssal fixation could have been maintained throughout on- 
togeny. The reduced ornamentation of the right valve is adap- 
tive for tight byssal fixation and the general irregularity of 
shape, occasional presence of undoubted xenomorphic orna- 
ment,and restriction of serpulid encrustation to the left valve 
indicates that the right valve was indeed closely applied to the 
substrate for long periods. The varıability of shell form led 
many earlier authors to presume a cemented mode of life simi- 
lar to that of Hinnites, to which genus the species was thus as- 
signed (see Synonymy). The paucity of right valves also seems 
to argue for this hypothesis. However, Cox (1942) in asurvey 
of Eopecten right valves, including those of E. velatus, was 
unable to find positive evidence of cementation. Moreover, 
A. SEILACHER (pers. comm., 1977) has observed discon- 
tinuities in the pattern of xenomorphic ornament derived 
from ammonites which imply movement of the shell. Thus 
tight fixation must have been effected solely by a renewable 
byssus rather than by a byssus and a permanent cement. The 
rarıty of right valves may be explained by their relative thin- 
ness and increased susceptibility to breakage. 


Pedum spondyloideum and crevice-dwelling individuals of 
Hinnites multirugosus (see Section 8) show ventral migration 
of the hinge line as an adaptation to living in confined spaces 
where both valves make contact with the substrate upon gap- 
ing. This feature has not been observed in E. velatus so it 
would seem that the species did not occupy such mi- 
crohabitats. Due to the considerable height attained (84 mm), 
it is doubtful whether E. velatus could have been byssally 
supported from above in reef facıes. In the lack of evidence for 
crevice/fissure dwelling it would appear that the species must 
have attached to roughly horizontal upward-facing surfaces. 


10. ORIGINS AND EVOLUTION 


Since E. velatus is first recorded from the Planorbis zone 
its origins probably lie in the Trias. STAESCHE (1926) con- 
sidered that Chlamys dıspar (? = Ch. (Ch.) valoniensis q. v.) 
was ancestral but DecHasraux (1936) has pointed out that the 
Trias species ‘Pecten’ Morrissu and ‘P.’ Albertii are very 
similar to Eopecten and these represent a more plausible root 
stock. 


E. velatus apparently undergoes a phyletic increase in 
range and reduction in mean number of costae in the passage 


from L. to U. Jurassic (see Section 4). Maximum height fol- 
lows an oscillatory course in the passage from L. Pliens- 
bachıan (63 mm) to U. Pliensbachian (110 mm) to Toarcian 
(75 mm) to Aalenian (101 mm) to Oxfordian (70 mm) to 
Kimmeridgian (75 mm) to Tithonian (84 mm). 


Eopecten spondyloides (ROEMER 1836) 
Pl. 5, Figs. 9-14, Pl. 6, Figs. 2, 4, 7, ?Fig. 1; textfigs. 142-144 


Synonymy 


1822 _ Ostrea ?; YOUNG and BirD, pl. 10, fig. 3. 
pv*? 1836  Spondylus tuberculosus sp. nov; GOLDFUSS, p. 93, 

pl. 105, figs. 2a, 2b. 

1836 Avicula spondyloides sp. nov; ROEMER, p. 87, 
pl. 13, figs. 14a, 14b. 

1850 Avicula jason sp. nov; D’ORBIGNY, v. 1, p. 313 
(BOULE, 1912, v. 7, p. 161, pl. 2, figs. 17-19). 

1850 Avıcula janthe sp. nov; D’ORBIGNY, v. 1, p. 313 
(BOULE, 1912, v. 7, p. 162, pl. 1, figs. 47, 48). 

1850 Hinnites Psyche sp. nov; D’ORBIGNY, v. 1, p. 314 
(BOULE, 1912, v. 7, p. 165). 


v* 1850 Hinnites Pamphilus sp. nov; D’ORBIGNY, v. 1, 
p- 342 (BOULE, 1925, v. 14, p. 161, pl. 20, fig. 14). 
v* 1850 Hinnites Paniscus sp. nov; D’ORBIGNY, v. 1, p. 342 


(BOULE, 1925, v. 14, p. 161, pl. 20, fig. 13). 

1853  Hinnites velatus (GOLDFUSS); MORRIS and Ly- 
CETT, p. 14, pl. 2, figs. 2, 2a (non GOLDFUSS sp.). 

1853 _ Hinnites tegulatus sp. nov; MORRIS and LYCETT, 
p- 14, pl. 2, figs. 3, 3a. 

1855 Hinnites abjectus (PHILLIPS); MORRIS and LYCETT, 
p- 125, pl. 14, fig. 3 (non PHILLIPS sp., non pl. 9, 
fig. 7). 

1858  Pecten tuberculosus Gingensis subsp. nov; QUEN- 

STEDT, p. 379, pl. 51, fig. 4 (?GOLDFUSS sp.). 

Pecten tuberculosus (GOLDFUSS); QUENSTEDT, 

p- 434, pl. 59, figs. 9, 10. 

1859  Pecten Parisoti sp. nov; CONTEJEAN, p. 313, 
pl. 23, figs. 19-21. 

1862 Hinnites velatus (GOLDFUSS); THURMANN and 

ETALLON, p. 266, pl. 37, fig. 12 (non GOLDFUSS 

SP.)- 

Hinnites fallax sp. nov; DOLLFUS, p. 85, pl. 15, 

fig. 14, pl. 16, figs. 9, 10. 

1864 Hinnites velatus (GOLDFUSS); DUMORTIER, p. 70, 
pl. 4, figs. 1-3 (non GOLDFUSS sp.). 

1867 Hinnites Gingensis (QUENSTEDT); WAAGEN, 
p- 633, pl. 31, figs. la, 1b, 2a, 2b. 

1872 _ Hinnites fallax DOLLFUS; DE LORIOL et al., p.394, 
pl. 23, fig. 3. 

1872 Hinnites Cornueli sp. nov; DE LORIOL ın DE LO- 
RIOL et al., p. 395, pl. 23, fig. 4. 

1874 Hinnites velatus (GOLDFUSS); DUMORTIER, p. 195, 
pl. 43, fig. 6 (non GOLDFUSS sp. ; non p. 308, pl. 62, 
figs. 3, 4.). 

1875 _ Hinnites Lorioli sp. nov; GEMMELLARO, p. 63, 
pl. 7, fig. 2. 

1886d Hinnites velatus var. irgetus var. nov; DE GREG- 
ORIO, p. 20, pl. 13, figs. 1-6 (non GOLDFUSS sp.). 

1888  Hinnites clathratus sp. nov; SCHLIPPE, p. 136, 
pl. 2, fig. 2. 

1893 _ Hinnites Cornueli DE LORIOL; DE LORIOL and 
LAMBERT, p. 145, pl. 10, figs. 10, 11. 

1893 _ Hinnites? spondyloıdes (ROEMER); DE LORIOL, 
p- 314, pl. 33, figs. 9, 10. 

1893 _ Hinnites? Lepidus sp. nov; DE LORIOL, p. 316, 
pl. 33, figs. 11, 12. 

1898 _ Pecten (Velopecten) Sarthensis sp. nov; E. PHIL- 
IPPI, p. 602, pl. 19, fig. 1. 


non 1858 


v” 1863 
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1905 Hinnites Cornuneli DE LORIOL; PERON, p. 239, 
pl. 10, fig. 11. 
19065  Hinnites cf. spondyloides (ROEMER); PERON, 
p- 240, pl. 10, fig. 12. 
1906 Eopecten tegulata (MORRIS and LYCETT); Coss- 
MANN, p. 2, pl. 1, figs. 3-5. 
1912 _ Eopecten Psyche (D’ORBIGNY); DAL PIAZ, p. 247, 
pl. 2, figs. 1a, 1b. 
1915 _ Hinnites (Prospondylus) Ernii sp. nov; ROLLIER, 
pp: 448, 465, pl. 30, figs. 1-4. 
1915 Hinnites (Prospondylus) oolithicus sp. nov; ROL- 
LIER, p. 455. 
1915 Hinnites (Prospondylus) Morrisi sp. nov; ROLLIER, 
p- 455. 
1915 Hinnites (Prospondylus) Peroni sp. nov; ROLLIER, 
p- 460. 
1915 _ Hinnites (Prospondylus) astartinus sp. nov; ROL- 
LIER, p. 462. 
1915 Hinnites (Prospondylus) Aeberhardti sp. nov; 
ROLLIER, p. 447, pl. 29, figs. 3, 4. 
1923 _ Pecten (Velata) sp. nov; ERNST, p. 60, pl. 1, fig. 12. 
1923 Eopecten tuberculosus (GOLDFUSS); LISSAJOUS, 
p- 157 (? GOLDFUSS sp.). 
1926 Velopecten Gingensis (QUENSTEDT); STAESCHE, 
p- 120. 
v 1926 Velopecten Jason (D’ORBIGNY); STAESCHE, p. 121, 
pl. 5, fig. 3, pl. 6, fig. 12. 
v 1926 Velopecten spondyloides (ROEMER); STAESCHE, 
p- 124, pl. 6, fig. 10. 
1926  Velopecten velatus (GOLDFUSS); ARKELL, p. 549, 
pl. 34, fig. 6 (non GOLDFUSS sp.). 
Velata anglica sp. nov; ARKELL, p. 120, pl. 9, 
figs. 1, 1a, 2. 
193la Velata wiltoniensis sp. nov; ARKELL, p. 123, pl. 9, 
figs. 3, 3a. 
Velata tuberculosa (GOLDFUSS); DECHASEAUX, 
p- 68, pl. 9, fig. 2. 
1936 Velata Gingensis (QUENSTEDT); DECHASEAUX, 
p- 68. 
1936 Velata Cornueli (DE LORIOL); DECHASEAUX, 
p- 70. 
1936 Velata fallax (DOLLFUS); DECHASEAUX, p. 71. 
1948 Velata tegulata (MORRIS and LYCETT); Cox and 
ARKELL, p. 15. 
1952 Eopecten tegulatus (MORRIS and LYCETT); Cox, 
p- 29, pl. 3, figs. 5-7. 


non 1936 


The type material of Avicula spondyloides 
ROEMER, 1836, p. 87, pl. 13, figs. 14a, 14b ıs 
probably in the ROEMER-PELIZAEUS-Museum, 
Hildesheim, W. Germany. It was derived 
from the Oxfordian of N. Germany. 


1. ORIGINAL DIAGNOSIS AND DESCRIPTION 


< 


A. valva dextra oblique ovato-orbiculari fornicata 20-30 
costulata, ala antica obsoleta postica depressa permagna cos- 
tulata, costulis subnodulosis, sulcis interstitialibus lınea or- 
natis. 


Die allein vorliegende rechte Schale ist breit-eirund, fast 
kreisrund, hoch gewölbt und hinten durch starke Nieder- 
biegung in einen großen Flügel übergehend. Die ganze 
Oberfläche ist mit 20 bis 30 scharfen, etwas knötigen Rippen 
bedeckt, in deren Zwischenräumen man eine deutliche Längs- 
linie bemerkt. Der etwas zugespitzte Buckel liegt ziemlich in 
der Mitte. 


Findet sich 12 bis 18 Linien groß im unteren Coral rag bei 
Heersum und im mittleren Coral Rag bei Hannover. Die Gat- 
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tungskennzeichen haben noch nicht genau untersucht werden 
können.‘ 


2. AMENDED DIAGNOSIS 


Distingusihed from E. velatus by the tendency, on the left 
valve, for intercalary costae to rapidly gain the same height as 
originals. Distinguished from E. abjectus by the similarity ın 
height of the original costae. 
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Text fig. 142: Eopecten spondyloides — anterior hinge 
length/height. 


3. AMENDED DESCRIPTION 


Essentially very similar to E. velatus in its often irregular 
shape (e. g. Pl. 5, Fig. 10) and variable H/L and AH/H (text 
figs. 143, 142). The main difference lies in the radial ornament 
of the left valve which consists of about 20 original costae 
which are continually added to by the intercalation of new 
costae (rapidly gaining the same height as originals) such that 
at H: 10 there are between 22 (OUM ]34325) and 32 (YM 679) 
costae, at H: 20 between 30 (OUM ]34325) and 48 (YM 679) 
costae, at H: 30 between 40 (YM 442) and 56 (OUM ]34325) 
costae, at H: 50-60 over 100 costae (Arkrıı, 1931a) and so on. 
The left valve of E. spondyloides also exhibits small, closely 
spaced imbricate lamellae on the costae unlike the left valve of 
E. velatus which bears only growth lines in addition to the 
costae. 


The maximum height of E. spondyloides ıs 140 mm 
(WAAGEN, 1867). 


4. DISCUSSION 


AsinE. velatus the extreme variability in shape and orna- 
ment of the species described in Section 3 has resulted in the 
proliferation of a vast number of specific names, in many cases 
based on a very small number of specimens. Those species 
which are, in the author’s opinion, adequately characterised 
(by means of available types, clear illustrations or detailed de- 
scriptions) such that there can be no doubt as to their affınity 


with the species described in Section 3, are placed in 
synonymy but not discussed, it being deemed of little value to 
attempt to describe individual variants. Secondary references 
to these species are only included in the synonymy where 
there can be no doubt as to their systematic position. 
Equivocal secondary references may be traced in TERQUEM and 
Jourpy (1869), pe LorıoL and PrıLAr (1875), SIEMIRADZKI 
(1893), Cossmann (1900, 1907a, 1914, 1922), Parıs and 
RıcHarpson (1916), Lissajous (1923), LAnQuine (1929), DE- 
CHASEAUX (1936), J.-C. FiscHEr (1964) and BEHMEL and GEYER 
(1966). 


Although the author has been unable to examine the 
holotype (M) of ‘Avicula’ spondyloides RoEMER there can be 
little doubt from the illustration that it is an example of the 
species described in Section 3. The holotype (M) of Spon- 
dylus tuberculosus Gowpruss (BSPHG AS VI 640; Pl. 6, 
Fig. 1), aspecies erected in the same year as ROEMER’s, shows 
some resemblance to the species described in Section 3 but its 
rather coarse ornament and high convexity suggest that it isin 
fact an example of Eopecten abjectus. As the earliest specific 
name erected for an undoubted example of the species de- 
scribed above, ‘A.’ spondyloides is herein taken to be the 
senior synonym. 


Quenstept (1858; ‘Pecten’ tubercnlosus Gingensis only) 
and Lissajous (1923) have used GoLpruss’ specific name for 
examples of Eopecten spondyloides; ‘Pecten’ tuberculosus 
(GoLDFuss); QUENSTEDT is representative of E. abjectus while 
‘Velata’ tuberculosa (Gowpruss); DECHASEAUX is apparently 
an example of Ctenostreon. 


The frequent misapplication of the name velatus GoLDFUss 
to E. spondyloides (see Synonymy) is discussed under 
E. velatus and Morrıs and Lycerr’s (1853) incorrect use of 
“Hinnites’ abjectus (Phuruivs) is discussed under E. abjectus. 


‘“H.’ (‘Prospondylus’) astartinus RouLıer should be rejected 
as a junior secondary homonym of ‘H.’ astartinus GREPPIN 
(= E. velatus). 
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Text fig. 143: Eopecten spondyloides — heighv/length. 


Although unfigured and inadequately described, RorLırr’s 
(1915) species ‘AH.’ (‘Pr.’) oolithicus, ‘AH.’ (“Pr.’) Morrisi, ‘H.’ 
(‘Pr.’) Peroni and ‘H.’ (“Pr.’) astartınus are based on specı- 
mens figured in respectively Morrıs and Lycerr (1853, 1855), 
Prron (1905) and pe LorıoL and LamserT (1893) which are 
clearly referable to E. spondyloides. 


5. STRATIGRAPHIC RANGE 


Two rather poor specimens from the Sinemurian of Bel- 
gium (BM LL8605, LL8606) may be early representatives of 
E. spondyloides. The first certain records are however from 
the L. Toarcian when the species is recorded rarely from the 
Rhone basin (DumorTier, 1874). DE GREGORIO’s (1886d) 
record from N. Haly may be from a similar horizon. U. Toar- 
cian records are limited to a single specimen from N. W. 
Germany (Ernst, 1923) but in the Aalenıan a number of 
specimens are known from France and England. E. spon- 
dyloides ıs quite common in the Bajocian and Bathonian but 
the only records from the Callovian are two specimens from 
France (MNO 3402B, 3403) and seven from N. W. India 
(Cox, 1952). The species becomes common again in the Ox- 
fordıan but Kimmeridgian reports, although widespread, 
seem, where abundances are known, to be of very small num- 
bers of specimens, e. g. in France, two from Le Havre (BM 
LL13478; ENSM L336, Pl. 6, Fig. 2), one from Montbeliard 
(CONTEJEAN, 1859) and one from La Rochelle (N. J. Morrıs 
Collection, BM). The species is reported to be common in the 
L. Tithonian of Sıcily (GemmeELLARo, 1875) and is known 
from the Tithonian of S. Germany (StarscHE, 1926) and 
Stramberg in Czechoslovakia (BM LL23888; Pl. 6, Fig. 4). 


6. GEOGRAPHIC RANGE 


E. spondyloides occurs widely in Europe (text fig. 144). 
Outside Europe, the only record is from the Callovıan of N. 
W. India (see Section 5). This occurrence, matched with the 
rarıty of the species in the Callovian of Europe, may signify an 
emigration, perhaps because of the widespread development 
of unfavourable argillaceous facıes (see Section 8). 


7. DESCRIPTION OF ECOLOGY 


Although fairly widespread in the Aalenıan E. spon- 
dyloides ısnotably rare in the chamositic oolites of the North- 
ampton Sand Ironstone, in which E. abjectus frequently oc- 
curs. Only three specimens (BM 82394, 125732, unnum- 
bered; the first attainıng a height of 63 mm) are known from 
this horizon. 


E. spondyloides ıs found at most levels in the Bajocian but is 
mostcommonintheL. Bajocıan Lincolnshire Limestone and 
the Sowerbyiı-Banke of S. W. Germany (STAESCHE, 1926), 
where it reaches a maximum height of 140 mm (WAAGEN, 
1867). The sediments in the latter case are condensed marly 
oolites containing few ammonites but a diverse benthic fauna, 
mainly consisting of bivalves (including occasıonal examples 
of E. abjectus). 

Many levels were colonised in the Bathonian (Cox and Ar- 
KELL, 1948) but the species seems to be commonest in the 
L. Bathonian Minchinhampton Beds, grain supported oolites 
containing a diverse bivalve and gastropod fauna but very few 
ammonites (Morrıs and Lyc£tt, 1851-55). The maximum 
height attained is 49 mm (BM LLS47). Two specimens (BM 
65909, 65913) are known from coral containing beds 
(Couches ä Polypiers) in the Bathonian of Normandy. 


In the Oxfordian E. spondyloides is quite common at most 
horızons and reaches a maximum height of 116 mm (OUM 
J8255). The author has collected numerous examples (reach- 
ing a maximum height of about 75 mm) from the Coral Rag 
(Transversarium zone) of Whitewall Corner Quarry near 
Malton, Yorkshire, where the species occurs in atough porcel- 
lanous limestone crowded with corals (Thamnasteria, Rhab- 
dophyllia, Thecosmilia and Stylina) and a reef-derived fauna 
including Ctenostreon, Lithophaga and the ‘coarse’ 
phenotype of Chlamys (Ch.) textoria together with the regu- 
lar echinoid Cidarıs (J. WrıcHT, 1972). E. velatus ıs un- 
known. Similar facies characterise occurrences in the Unterer 
Korallenoolith (Plicatilis zone) of N. W. Germany (ROFMER, 
1836) and the Ringstead Coral Bed (Pseudocordata zone) in 
Dorset (BM 73077). However, in coral reef facies in the 
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Text fig. 144: Eopecten spondyloides — European distribution. 
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U. Oxfordıan of the Yonne where E. velatus ıs common, 
E. spondyloides appears to be rare. 


In the Kimmeridgian the maximum height of 92 mm 
(ENSM L336) is attained in clay facies (Dorırus, 1863). 
However, the majority of reports seem to be from corallifer- 
ous deposits, e. g. the Tafel Jura (Contejean, 1859), 
Haute-Marne (ve Lorıor et al., 1872) and Charente 
Marıtime (N. J. Morrıs Collection, BM). 


In reefal limestones in the L. Tithonian of Sıcily (fauna p. 
88) E. spondyloides is reported to be very common, reach- 
ing a maximum height of 71 mm, while E. velatus appears to 
be comparatively rare (GEMMELLARO, 1875). In similar facıes 
in the U. Tithonian at Stramberg E. velatus seems to be 
common but only one definite specimen of E. spondyloides is 
known (BM LL23888; H: 46.5). STAESCHE (1926) records the 
species from oolites (Brenztaloolith) of the same age in 
S. Germany which pass laterally into coral/Diceras facies 
(Arkeıı, 1956). 


E. spondyloides is rare in argillaceous deposits at all times. 
Only two specimens (BM LL13478, ENSM L336) are known 
from the Kimmeridge Clay and two from the Oxford Clay 
(SM ]26440, ]6441). Dumorrier (1874) records only rare 
specimens from L. Toarcian clays in the Rhone. Of these a 
high proportion are said to bear xenomorphic ornament de- 
rived from ammonites. The only records from the M. and 
U. Jurassic of the peri-Mediterranean area, where sedimenta- 
tion was predominantly pelagic, are from N. Italy (Dr Ger- 
GORIO, 1886d, Daı Pıaz, 1912) where aguyot was probably ın 
existence. 

The great majority of museum specimens of E. spon- 
dyloides are left valves. 


8. INTERPRETATION OF ECOLOGY 


The usual occurrence of E. spondyloides in oolitic and 
reefal limestones indicates a preference for high energy condi- 
tions. Absence of the species from L. Bajocian reefs in the 
E. Paris Basın (HaLLam, 1975b), presence of a few specimens 
in Bathonian coralliferous deposits and relative abundance ın 
U. Jurassic coral reefs suggests an evolutionary change in the 
favoured habitat from level bottom oolites to upstanding 
reefs. In thıs connection ıt should, however, be noted that 
Spondylopecten species, which are frequently reefassociated, 
are absent from the L. Bajocıan structures and this may indi- 
cate that the lack of E. spondyloides is due to some unfavour- 
able feature of these reefs (e. g. dense structure, see p. 89) 
rather than a preference for contemporaneous oolites. Furth- 
ermore, the widespread occurrence of E. spondyloides in the 
Oxfordian of England and the typically small size and 
localised distribution of coral reefs suggests that at least some 
records bear no relation to the existence of reefs. Moreover, 
the virtual restriction of the species to reef and reef-derived 
sediments in the U. Jurassic of continental Europe may sim- 
ply bearesult of the general development of unfavourable low 
energy, argillaceous facies elsewhere. Epifaunal bivalves 
probably afforded suitable attachment sites in level bottom 
environments and the abundance of E. spondyloides in reefs 
could be more a consequence of the abundance of bivalves 
rather than ofa direct relationship with corals. The evolution- 


ary trend suggested above may therefore be more apparent 
than real. 


Although a high proportion of the relatively few examples 
of E. spondyloides from the L. Toarcian of the Rhone show 
evidence of having been attached to ammonites, the abun- 
dance of the species in deposits in which ammonites are rare 
and the fact that only two other specimens (YM 442 from the 
Inferior Oolite of Dorset, GPIT from the Bajocıan/Batho- 
nıan of $. Germany) with ammonite-derived xenomorphic 
ornament are known, indicates that ammonites did not pro- 
vide ideal attachment sites but constituted a considerably less 
favourablealternative to bivalves. By analogy with E. velatus 
it ıs probable that ammonites were only used for attachment 
when they had sunk to the sea floor after death. 


The inverse relationship between the numbers of E. spon- 
dyloides and E. velatus in U. Jurassic reefs is good evidence 
for competition. The dominent species at any one locality was 
presumably determined by priority. A similar reaction seems 
to have occurred between E. spondyloides and E. abjectus in 
M. Jurassic oolites. 


There is no obvious relationship between size and facies in 
E. spondyloıdes. Its usual occurrence, in moderate numbers 
with ahigh diversity fauna, suggests that ıt was an equilibrium 
species (LEvINToN, 1970). 


9. FUONCTIONAL MORPHOLOGY 


Since ın all important morphological respects E. spon- 
dyloıdes ıs ıdentical to E. velatus the interpretation of func- 
tional morphology offered for the latter will serve here. 


10. ORIGINS AND EVOLUTION 


The most likely ancestor for E. spondyloides ıs E. velatus. 
A large (H: 75) specimen of the latter (Pl. 5, Fig. 8) exhibits, 
in late ontogeny, ornament which closely resembles that of 
the early ontogeny of E. spondyloides. Thus trans-specific 
evolution could have occurred by the relatıvely ‘simple’ pro- 
cess (GouLp, 1977) of the acceleration (recapitulation) of the 
development of ornament with respect to size. 


There are no directional changes in morphology within 
E. spondyloides. Maximum height oscillates from 63 mm 
(Aalenian) to 140 mm (Bajocıan) to 49 mm (Bathonian) to 
55 mm (Callovian, Macrocephalus zone; Cox, 1952) to 
116 mm (Oxfordian) to 92 mm (Kimmeridgian) to 71 mm 
(Tithonian). The Callovian value is derived from a rather 
small sample so it is likely that the maximum height recorded 
in the stage will be increased on further collecting. 


Eopecten abjectus (PnırLıps 1829) 
Pl. 6, Figs. 3, 5, 6, 8, 9, ?Fig. 1; text fig. 145 


Synonymy 

1829  Pecten abjectus sp. nov; PHILLIPS, pl. 9, fig. 37. 

1835  Pecten abjectus PHILLIPS; PHILLIPS, pl. 9, fig. 37. 
pv”? 1836 Spondylus tuberculosus sp. nov; GOLDFUSS, p. 93, 

pl. 105, figs. 2a, 2b. 

1855 _ Hinnites abjectus (PHILLIPS); MORRIS and LYCETT, 
p- 125, pl. 9, fig. 7 (non pl. 14, fig. 3). 
Pecten tuberculosus Gingensis subsp. nov; (QUEN- 
STEDT, p. 379, pl. 51, fig. 4 (?GOLDFUSS sp.). 


non 1858 


v 1858 Pecten tuberculosus (GOLDFUSS); (QUENSTEDT, 
p- 434, pl. 59, figs. 9, 10. 
1863 Hinnites gradus sp. nov; BEAN in LYCETT, p. 35, 
pl. 33, figs. 10, 10a. 
1883  Hinnites abjectus (PHILLIPS); DE LORIOL and 
SCHARDT, p. 72, pl. 10, figs. 12, 13. 
1910  Eopecten gradus (BEAN); LISSAJOUS, p. 351. 
1910  Eopecten abjectus (PHILLIPS); LissaJoUSs, p. 351, 
pl. 9, fig. 14. 
1916 Eopecten abjectus (PHILLIPS); PARIS and RICHARD- 
SON, p. 530. 
1923 Eopecten Gradus (BEAN); LISSAJOUS, p. 157. 
non 1923 Eopecten tuberculosus (GOLDFUSS); LiSSAJOUS, 
p- 157 (?GOLDFUSS sp.). 
1926  Velopecten abjectus (PHILLIPS); STAESCHE, p. 119. 
1936 Velata abjecta (PHILLIPS); DECHASEAUX, p. 68. 
1936  Velata gradus (BEAN); DECHASEAUX, p. 69. 
1948 Velata gradus (BEAN); COX and ARKELL, p. 15. 


No trace of the type material of Pecten 
abjectus PriLLips 1829, pl. 9, fig. 37 has yet 
been found despite considerable searching in 
e. g. the PhırLirs Collections at OUM and 
YM. The figured specimen was said by 
PhitLips to be from the Yorkshire Gt. Oolite 
(Bathonian). This seems unlikely in view of 
the non-marine facies; a Bajocıan or Aalenıan 
age is more probable. 


1. ORIGINAL DIAGNOSIS AND DESCRIPTION 


None given. 


2. DIAGNOSIS 


Distinguished from E. spondyloides by the tendency for 
two median costae to be considerably larger and bear tuber- 
cles. Distinguished from E. velatus by the tendency for in- 
tercalary costae to rapidly gain the same height as original cos- 
tae. 


3. DESCRIPTION 


Essentially very similar to E. spondyloides apart from the 
diagnostic features. The number of costae on the left valve is 
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however usually much smaller (e. g. 40 at H: 53.5, OUM 
J2291) at equivalent size,and convexity, although very vari- 
able, is usually much higher (C;: 21.5 at H: 58, BM 70686). 
The maxımum height ıs 127.5 mm (GPIT). 


4. DISCUSSION 


PhirLıps’ (1829) figure of ‘Pecten’ abjectus in the first edi- 
tion of Geology of Yorkshire is a poor illustration of a 
coarsely ornamented Eopecten. There is little sign of the 
larger tubercle-bearing costae diagnostic of the species de- 
scribed in Section 3. The figure in the second edition (1835), 
while undoubtedly of the same specimen, is considerably 
clearer and yields a costal count of 36 at H: 37. This is a 
reasonable value for the species described in Section 3 and 
well below the lower limit of variation in E. spondyloides, the 
only species with which there is any possibility of confusion. 
The original specimen seems to have been lost (see above) but 
in the light of the above evidence it can be assumed to have 
been a variant of the species described in Section 3 with rela- 
tively undeveloped median costae. The majority of subse- 
quent usage of PHirLıps’ specific name (see Synonymy) has 
been for representatives of the species described in Section 3 
thus there would be good grounds for designating as neotype 
a typical example of thıs species. 


One of the figures (pl. 14, fig. 3) of ‘A.’ abjectus in Mor- 
rıs and Lycerr (1855) depicts a specimen with the more 
numerous and regular costae characteristic of E. spon- 


dyloides. 


Lissajous (1910) states that the specific name gradus BEAN 
dates from the latter’s paper in Ann. Mag. Nat. Hist. 
(1839). However, there is no reference to the species in this 
paper and the earliest reference to it would therefore appear to 
be ın Lycett (1863), where a specimen which clearly belongs 
to E. abjectus, is described and figured as ‘P.’ gradus Bean. 

‘Spondylus’ tuberculosus GoLpruss and secondary usages of 
this specific name are discussed under E. spondyloides. 

Inadequately characterised secondary references to 
synonymous species are excluded from the synonymy be- 
cause of the possibility of misapplication to E. spondyloides. 


Text fig. 145: Eopecten abjectus — European distribution. 
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They may be traced in Orrrı (1858), RorurLerz (1886), 
SCHLIPPE (1888), Kırıan and Gu£BHAarD (1905), HENNIG 
(1924), Lanauine (1929), PARENT (1940), CHANNoN (1950) 
and J.-C. Fischer (1969). 


5. STRATIGRAPHIC RANGE 


A single specimen from the U. Pliensbachian of Yorkshire 
(BM 47353; Pl. 6, Fig. 9) is the earliest record of E. abjectus. 
Thereafter the species is unknown until the Aalenian when it 
becomes locally quite common, continuing thus until the 
U. Bajocıan. Unequivocal Bathonian records (Morris and 
Lycett, 1855; DE LorıoL and SCHARDT, 1883; LissaJous, 1923; 
STAESCHE, 1926; DECHASEAUx, 1936; Cox and ArkELL, 1948) 
are fairly widespread in Europe but the species does not ap- 
pear to be common anywhere. Callovian records are limited 
to a single specimen from the Macrocephalus zone of Scar- 
borough (Lycrtt, 1863) and unfigured and therefore ques- 
tionable specimens (see Section 4) from the Maritime Alps 
(Kırıan and GU£BHARD, 1905). Morris and LycErr’s (1855) re- 
cord from the ‘Coralline Oolite of Malton’ (Oxfordian) is un- 
supported by a figure of a specimen from this horizon. 


6. GEOGRAPHIC RANGE 


The distribution of E. abjectus in Europe (text fig. 145) is 
largely dependent on the occurrence of the appropriate 
sedimentary facies (see Section 8). The only records from 
outside Europe are a single specimen from the U. Bathonian 
of N. W. India (BM L75269) and unfigured and therefore 
questionable specimens (see Section 4) from the ‘Lower Dog- 
ger’ of Tanzania (Hrnnic, 1924). 


7. DESCRIPTION OF ECOLOGY 


E. abjectus first occurs commonly in the Northampton 
Sand Ironstone (Opalinum zone), a condensed chamosite 
oolite containing few examples of E. spondyloides but an 
otherwise abundant and diverse fauna. The maximum height 
attained is 95 mm (BM 82385). E. abjectus ıs markedly less 
common in the Sowerbyi-Banke, a somewhat similar con- 
densed, ferruginous, marly oolite containing numerous ex- 
amples of E. spondyloides, in the L. Bajocian of S. W. Ger- 
many. Maximum height (127.5 mm, GPIT) is however con- 
siderably greater. 


Lissajous (1923) reports the species to be common in fer- 
ruginous oolites of the Parkinsoni zone (U. Bajocian) in the 
Mäconnais. E. spondyloides appears only to occur in the 
Toarcıan and Bathonian in the same area. Inthe U. Bajocian 


of Swabia E. abjectus reaches a maximum height of 75 mm 
(GPIT). 


It ıs clear from the foregoing that condensed ferruginous 
oolites constituted the most favourable substrate for E. ab- 
jectus. The species is not known to be common outside this 
facies. Parıs and RicHAarDson (1916) report the species to be 
common in the Pea Grit (Murchisonae zone), a pisomicrite in 
the Cotswolds, but this is not reflected in museum collections 
or supported by the present author’s field observations. 


8. INTERPRETATION OF ECOLOGY 


The usual occurrence of E. abjectus, in condensed fer- 
ruginous oolites, indicates a preference for high energy condi- 
tions with minimal terrigenous input. The inverse correlation 
in numbers of E. abjectus and E. spondyloides in such facies 
is strongly suggestive of competition, with dominance at any 
one locality being presumably determined by priority. 


The characteristic field occurrence of E. abjectus, in mod- 
erate numbers with a high diversity fauna, suggests that it was 
an equilibrium species (Levinton, 1970). 


9. FUNCTIONAL MORPHOLOGY 


Since the species are in all important respects identical, the 
interpretation of functional morphology presented for 
E. velatus isof equal relevance to E. abjectus. It is extremely 
doubtful whether the coarser ornament of the latter conferred 
any useful additional strength and stiffness on the shell which, 
being thick, must already have been robust enough to cope 
with most eventualities. The coarser ornament is more proba- 
bly a non-functional by-product of neoteny in the origin of 
the species (see Section 10). 


No specimens of E. abjectus bearing the xenomorphic or- 
nament of ammonites have been discovered. It therefore 
seems likely that benthos provided the sole source of sites for 
byssal attachment. 


10. ORIGIN AND EVOLUTION 


On the basis of morphology the most likely ancestor for 
E. abjectus is E. spondyloides. However, validation of this 
hypothesis of derivation must await the discovery of un- 
doubted specimens of E. spondyloides from the L. Lias (see 
Section 5). Since the relatively coarse ornament of E. abjec- 
tus resembles the juvenile ornament of E. spondyloides it is 
possible that trans-specific evolution involved the retardation 
of ornamental development with respect to size (neoteny). 
There is however no basis of allometry in E. spondyloides to 
allow derivation of the large tuberculate median costae in 
E. abjectus by heterochrony. Speciation therefore probably 
involved changes in the structural as well as the regulatory 
genome. 


There appear to be no phyletic changes in morphology 
within E. abjectus. Maximum height shows no directional 
change in the passage from Aalenian (95 mm) to L. Bajocıan 
(127.5 mm) to 75 mm (U. Bajocıan). 


A possibility of neoteny in the origin of E. abjectus to- 
gether with the subsequent highly developed stenotopy is in- 
dicative of the prevalence of ‘K’ selection (GouLp, 1977). 


The Bathonian decline of E. abjectus was probably the re- 
sult of the diminution in areal importance of ferruginous ool- 
ite deposits. The subsequent extinction of the species in the 
Callovıan was probably due to the widespread development 
of unfavourable (low energy/high turbidity) argillaceous 
facies in Europe. 


Genus CHLAMYS Röpıng 1798 (non Koch 1801) 


Type species. SD; HerrManNsEN 1847, p. 231; Pecten is- 
landicus MüLLer 1776, p. 248; Recent, cırcumboreal. 


AMENDED DIAGNOSIS 


“Higher than long or rounded, commonly somewhat obli- 
que, LV usually more convex but in some species valves 
nearly equally convex; auricles clearly delimited, usually 
large; byssal notch large; ctenolium usually present; sculpture 
of radial (usually stronger) and concentric elements, with 
scalelike spines commonly developed at their junctions, espe- 
cially on LV but some shells nearly smooth; interspaces of 
many forms with intercalaries in adult; margin usually scal- 
loped; cardinal crura variable in number and size. Trias. — 
Rec., cosmop.’ (HERTLEIN, 1969: N355). 


DISCUSSION 


The above diagnosis includes such a diversity of forms that 
it seems impractical to employ ıt at the generic level. How- 
ever, the present author is not in a position to give a revised 
generic diagnosis of Chlamys since most species are post- 
Jurassıc. 


Subgenus CHLAMYS s. s. 


(Synonyms etc. Clamys LEAcH, 1815 [nom. null.] 

Chalmys Doıırus and DAUTZENBERG, 1886 
[nom. null.] 

Actinochlamys ROVERETO, 1898 
Myochlamys von IH£rınc, 1907 [obj.] 
Chlamydıina Cossmann, 1907 [obj.] 
Zygochlamys von IHERING, 1907 
Belchlamys IREDALE, 1929 
Mimachlamys IREDALE, 1929 
Scaeochlamys IREDALE, 1929 
Talochlamys IREDALE, 1929 
Veprichlamys IREDALE, 1929 
Coralichlamys IreDaL£, 1939) 


AMENDED DIAGNOSIS 


“Usually higher than long, anterior auricle longer than 
posterior one; sculpture of numerous, generally grooved or 
striated and spinose, radial ribs; inner margin commonly with 
rounded, grooved, weak riblets; cardinal crura weak or nearly 
obsolete. Trias. - Rec., cosmop.’ (HErTLEIN, 1969: N355). 


DISCUSSION 


Forms referable herein to Ch. (Chlamys) are divisible into 
3 groups on the following basis: — 
1. Plicae smooth (= Ch. (Ch.) valoniensıs). 
2. Plicae bearing widely spaced spines up to 5 mm in 
length (= Ch. (Ch.) pollux). 
3. Plicae bearing variably spaced imbricate lamellae (= 


Ch. (Ch.) textoria). 


Groups I and 2 are almost certainly directly related and can 
be distinguished from Group 3 at least as far back as the Trias. 
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They may therefore be worthy of a subgeneric distinction 
from Group 3. However, ın view of the uncertainty over the 
bounds of the genus Chlamys (see above) this seems an inop- 
portune moment to risk further confusion of the taxonomy 
by erecting new subgenera. 

Forms referable to Group 3 are to all intents and purposes 
continuously variable in the number of plicae, spacing of the 
comarginal lamellae and umbonal angle (Pl. 6, Figs. 10-12, 
Pl. 7, Figs. 1-23, Pl. 8, Figs. 1-3, 5-20). In all other respects 
they are relatively invarıant. However variation, at least in the 
number of plicae, is not normally distributed. Plical fre- 
quency histograms standardised for size (in order to eliminate 
the effect of ontogenetic increase in the number of plicae) 
show at L: 20 and L: 40 (text fig. 146) a pronounced skew to 
the right together with the development of secondary modes, 
while at L: 60 (text fig. 146) there is marked bimodality. Atall 
sizes there are a few specimens whose plical frequencies are 
outside the range of continuous variation. This is hardly the 
pattern of variation expected of a single species but the follow- 
ing discussion is intended to show that it need not necessarily 
imply that more are present. In any case the height of the in- 
ter-modal troughs would make for difficulty in defining the 
boundaries between constituent species. 


If a species is “environmentally variable’ (developmentally 
flexible) character/frequency plots for early stages ın on- 
togeny would be expected to lack prominent modes since at 
this stage the organisms concerned cannot have ‘experienced’ 
the environment and started to develop the appropriate mor- 
phology (Jonnson, 1981). For any given environment a sin- 
gle, prominent mode will emerge as development proceeds. 
However, ıf more than one environment is involved a whole 
variety of character/frequency distributions is possible for 
later stages in ontogeny (such as are represented in text 
fig. 146): differences in the extent of representation of par- 
ticular environments, resulting from uneven sampling, will 
determine the shape of the character/frequency distribution. 


In the group under discussion there is a considerable corre- 
lation between plical frequency in the later stages of ontogeny 
and the environment occupied. Forms within the range 17-26 
plicae are usually derived from reefal or peri-reefal deposits 
while those within the range 27-36 plicae are most frequent in 
non-reef, shallow water facies and those with more than 36 
plicae are usually derived from argillaceous sediments (see pp. 
175-177). Due to abrasion, it ıs often difficult to count the 
number of plicae in the umbonal region (earliest ontogenetic 
stages). There does seem in fact to be amode at about 22 plicae 
(range: 17-30) but there is nevertheless little sign of the multi- 
ple modes evident in counts from later ontogenetic stages. 
There are thus reasonable grounds for considering that differ- 
ences in the number of plicae late in ontogeny are a reflection 
of ecophenotypic variation within a single species. There is 
stillaneed for further detailed work on early ontogenetic var- 
iation in order to substantiate the ‘single species’ hypothesıs. 
An analysis of ontogenetic changes in variation along the lines 
employed for Radulopecten vagans (JOoHNsoN, 1981) would 
provide a test for ecophenotypic variation. 


In conclusion, the curious patterns of variation shown by 
text fig. 146 are herein considered to be an artefact of the 
museum collections studied. In these, specimens derived 
from reefal and peri-reefal facies are much the most abundant 
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Text fig. 146: Chlamys (Ch.) textoria - frequency distributions for numbers of plicae at lengths of 20, 40 


and 60 mm. 


and thus contribute to the right-skew at L: 20 and L: 40. 
Specimens from argillaceous facies are poorly represented and 
usually small, thus resulting in the discontinuous distribution 
at high plical counts, which becomes especially marked at L: 
60. Specimens from non-reef shallow water facies are poorly 
represented but often large, thus resulting in the paucity of 
specimens with intermediate plical counts at L: 20 and L: 40 
but the relative abundance at L: 60. 


Variation in the number of plicae at a particular size could 
result from flexibility in the absolute rate of either size in- 
crease or of addition to the number of plicae. Some evidence 
for retardation of size increase (stunting) is derived from the 
fact that forms with more than 36 plicae rarely exceed 50 mm 
in height. The generally closer spacing of the imbricate lamel- 
lae in such forms ıs also indicative of size retardation, pro- 
vided that the temporal periodicity of secretion is the same as 


e0-) 


in larger specimens. Likewise, the generally smaller H/UA 
ratio of specimens with numerous plicae is indicative of re- 
tarded size development, provided that H and UA are par- 
tially dissociated. However, the existence of specimens which 
are both large and bear numerous plicae (e. g. Pl. 8, Fig. 19) 
should be noted. Moreover, there ıs by no means a linear rela- 
tionship between the number of plicae and spacing of the im- 
bricate lamellae, morphs of intermediate plical count exhibit- 
ing both close and widely spaced lamellae (e. g. Pl. 8, Figs. 9, 
12). Similarly, in a plot of H/UA (text fig. 147) morphs with 
between 27 and 36 plicae at a standard sıze (L: 40) do not oc- 
cupy aclearly defined zone between those with more and less 
plicae. 


The existence of forms with low plical counts, even at very 
large size (e. g. Pl. 6, Fig. 12), together with the fact that 
much of the intercalation leading to high plical counts takes 
place quite early in ontogeny (e. g. Pl. 8, Fig. 16) suggests 
that changes in the absolute rate of addition to the number of 
plicae have played at least as important a role as stunting in 
promoting the observed pattern of ecophenotypic variation. 
Such changes, unlike stunting, imply some adaptive value for 
the phenotypes adopted in each environment. At present only 
afew suggestions (see p. 178) can be offered as to their signifi- 
cance and the topic is clearly ripe for further research. 
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Text fig. 147: Chlamys (Ch.) textoria — height/umbonal angle for 
forms with either 17-26, 27-36 or 37—46 plicae at a length of 40 mm. 


The decision to incorporate the great range of variation of 
Group 3 within the bounds of a single species is not rendered 
suspect by the lack of a Recent analogue. In one of the few 
cases where the variation of a Recent pectinid has been assess- 
ed in a number of ecological settings, BEu(1966) reports that 
Ch. dieffenbachi adopts an ecophenotype consisting of 
numerous spine-bearing plicae when enclosed within a 
sponge (the usual habitat) while an ecophenotype consisting 
of relatively few, smooth plicae is adopted in the unenclosed 
condition. The total range of variation in the later stages of 
ontogeny is comparable to that in Group 3 and the early 
stages of ontogeny are similarly relatively invarıant. 


Chlamys (Chlamys) textoria (SCHLOTHEIM 1820) 


Pl. 6, Figs. 10-12, Pl. 7, Figs. 1-21, Pl. 8, Figs. 1-3, 5-20, 
?Fig. 4; text figs. 146-157 


Synonymy 


v* 1820  Pectinites textorins sp. nov; SCHLOTHEIM, p. 229. 
822 Pecten varıus LINNAEUS; YOUNG and BiIRrD, 
p- 223, pl. 9, fig. 9 (mon LINNAEUS sp.). 
v* 1826a  Pecten vimineus sp. nov; J. DE C. SOWERBY, p. 81, 
pl. 543, figs. 1,2. 
1828 _ Pecten elegans sp. nov; YOUNG and BIRD, p. 234, 
pl. 9, fig. 8. 
1829  Pecten virguliferus sp. nov; PHILLIPS, pl. 11, 
fig. 20. 
Pecten textılis sp. nov; MÜNSTER in GOLDFUSS, 
p- 43, pl. 89, figs. 3a-d. 
v 1833 Pecten vimineus J. DE C. SOWERBY; GOLDFUSS, 
p- 44, pl. 89, figs. 7a, 7b. 
v 1833 Pecten textorius (SCHLOTHEIM); GOLDFUSS, p. 45, 
pl. 89, figs. 9a-d. 


v 
[ee] 
in 
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?v* 1833 Pecten texturatus sp. nov; MÜNSTER in GOLDFUSS, 
p- 45, pl. 90, fig. 1. 

v* 1833 Pecten ambiguus sp. nov; MÜNSTER in GOLDFUSS, 
p- 46, pl. 90, figs. 5a, 5b. 

v 1833 Pecten articulatus (SCHLOTHEIM); GOLDFUSS, 
p- 47, pl. 90, fig. 10 (non SCHLOTHEIM sp.). 

v* 1833  Pecten subtextorius sp. nov; MUNSTER in GOLD- 


FUSS, p. 48, pl. 90, figs. 11a, 11b. 

1836  Pecten subimbricatus sp. nov; ROEMER, p. 212, 
pl. 13, fig. 6. 

1837 Pecten textorius var. orbicularıs var. nov; KOCH 
and DUNKER, p. 20, pl. 1, fig. 5. 


(?) 1839  Pecten dextilis MÜNSTER; ROEMER, p. 28, pl. 28, 
figs. 24a-c. 
1839 Pecten vimineus J. DE C. SOWERBY; ROEMER, 
P-29. 
v*p 1850 Pecten Palaemon sp. nov; D’ORBIGNY, v. 1, p. 238 
(BOULE, 1908, v. 3, p. 37, pl. 18, fig. 5, non fig. 6). 
v* 1850  Pecten Phillis sp. nov; D’ORBIGNY, v. 1, p. 257. 


v 1850 Pecten articulatus (SCHLOTHEIM); D’ORBIGNY, 
v. 1, p. 285 (non SCHLOTHEIM sp.). 


v* 1850 Pecten Luciensis sp. nov; D’ORBIGNY, v. 1, p. 314 
(BOULE, 1912, v. 7, p. 91, pl. 2, fig. 28). 
v* 1850  Pecten Camillus sp. nov; D’ORBIGNY, v. 1, p. 342 


(BOULE, 1925, v. 14, p. 160, pl. 20, figs. 7-10). 
v 1850 Pecten vimineus J. DE C. SOWERBY; D’ORBIGNY, 
v. 1, p. 373. 


v* 1850  Pecten Opis sp. nov; D’ORBIGNY, v. 1, p. 374 
(BOULE, 1928, v. 17, p. 49, pl. 6, figs. 10, 11). 

v* 1850 Pecten subarticulatus sp. nov; D’ORBIGNY, v. 2, 
Ps 224(BOULE, 1929,03, 18: 0,p.2 175 p1l.219; 
figs. 13, 14). 

v* 1850 Pecten Nisus sp. nov; D’ORBIGNY, v. 2, p. 22 


(BOULE, 1929, v. 18, p. 172, pl. 20, fig. 2). 

1850 Pecten Nothus sp. nov; D’ORBIGNY, v. 2, p. 22 

(BOULE, 1929, v. 18, p. 173, pl. 20, fig. 3). 

Pecten Niso sp. nov; D’ORBIGNY, v. 2, p. 22 

(BOULE, 1929, v. 18, p. 173, pl. 20, fig. 4). 

1851 _ Pecten ambiguns MÜNSTER; SCHAFHÄUTL, p. 410. 

1852 Pecten textorinus (SCHLOTHEIM); VERNEUIL and 
COLLOMB, p. 112. 

1853 Pecten textorins (SCHLOTHEIM); CHAPUIS and DE- 
WALQUE, p. 209, pl. 23, fig. 2. 

1853 Pecten articulatus (SCHLOTHEIM); CHAPUIS and 
DEWALQUE, p. 212, pl. 29, fig. 3 (non SCHLOT- 
HEIM sp.). 

1853 Pecten articulatus (SCHLOTHEIM); MORRIS and 
LYCETT, p. 32, pl. 33, fig. 12 (non SCHLOTHEIM 
SP.)- 


v* 1855 Pecten icaunensis sp. nov; COTTEAU, p. 110. 
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pv 1858 


(2?) 1865 


1866 


Pecten 
p. 112. 
Pecten texturatus MÜNSTER; TERQUEM, p. 322. 
Pecten dispar sp. nov; TERQUEM, p. 323, pl. 23, 
fig. 6 

Pecten Trigeri sp. nov; OPPEL, p. 103. 

Pecten Dewalqneı sp. nov; OPPEL, p. 420. 

Pecten textorins (SCHLOTHEIM); QUENSTEDT, 
p- 78, pl. 9, fig. 12, p. 500, pl. 67, fig. 5, p. 794, 
pl. 98, fig. 3. 

Pecten textorius y var. nov; QUENSTEDT, p. 147, 
pl. 18, fig. 17. 

Pecten textorius torulos! subsp. nov; QUENSTEDT, 
p- 311, pl. 42, fig. 10. 

Pecten textorıus albus subsp. nov; QUENSTEDT, 
p- 627, pl. 77, figs. 25, 26. 

Pecten dentatus J. DE C. SOWERBY; QUENSTEDT, 
p- 753, pl. 92, fig. 3 (non J. DE C. SOWERBY sp.). 
Pecten articulatus (SCHLOTHEIM); QUENSTEDT, 
p- 754, pl. 92, fig. 11 (non SCHLOTHEIM sp.). 
Pecten subtextorins MÜNSTER; QUENSTEDT, 
p. 754, pl. 92, fig. 4. 

Pecten subtextorius Schnaitheimensis subsp. nov; 
QUENSTEDT, p. 754, pl. 92, fig. 7. 

Pecten Benedicti sp. nov; CONTEJEAN, p. 313, 
pl. 23, figs. 13-15. 

Pecten Billoti sp. nov; CONTEJEAN, p. 315, pl. 23, 
figs. 22-24. 

Pecten virguliferus PHILLIPS; COQUAND, p. 68. 


desmoulinsianus sp. nov; COTTEAU, 


Pecten vimineus J. DE C. SOWERBY; COQUAND, 
p- 73. 

Pecten subarticulatus D’ORBIGNY; COQUAND, 
pP» 79. 

Pecten Nisus D’ORBIGNY; COQUAND, p. 79. 
Pecten Niso D’ORBIGNY; COQUAND, p. 79. 
Pecten Billoti CONTEJEAN; COQUAND, p. 91. 
Pecten subtextorins MÜNSTER; TRAUTSCHOLD, 
p- +46. 

Pecten subreticulatus sp. nov; STOLICZKA, p. 196, 
pl. 6, figs. 1,2. 

Pecten Rollei sp. nov; STOLICZKA, p. 197, pl. 6, 
figs. 5, 6. 

Pecten verticillus sp. nov; STOLICZKA, p. 197, 
pl. 6, fıgs. 3, 4. 

Pecten palosus sp. nov; STOLICZKA, p. 197, pl. 6, 
fig. 8. 

Pecten articulatus (SCHLOTHEIM); THURMANN and 
ETALLON, p. 255, pl. 36, fig. 2 (non SCHLOTHEIM 
SP.)- 

Pecten Schnaitheimensis QUENSTEDT; THURMANN 
and ETALLON, p. 255, pl. 36, fig. 3. 

Pecten subtextorins MÜNSTER; THURMANN and 
ETALLON, p. 256, pl. 36, fig. 4. 

Pecten vımineus J. DE C. SOWERBY; THURMANN 
and ETALLON, p. 256, pl. 36, fig. 5. 

Pecten Hermanciae sp. nov; ETALLON in THUR- 
MANN and ETALLON, p. 256, pl. 36, fig. 6. 


Pecten textorins (SCHLOTHEIM); SCHLÖNBACH, 
pP: 543: 

Pecten splendens sp. nov; DOLLFUS, p. 78, pl. 14, 
figs. 7-9. 

Pecten securis sp. nov; DUMORTIER, p. 68, pl. 8, 
figs. 9-11. 

Pecten vimineus J. DE C. SOWERBY; V. SEEBACH, 
p- 97. 

Pecten canalıculatus sp. nov; TERQUEM and 
PIETTE, p. 102, pl. 11, figs. 30-32. 

Pecten dispar TERQUEM; TERQUEM and PIETTE, 
p. 103. 


Pecten Sismondae sp. nov; CAPELLINI, p. 481, 
pl. 6, figs. 4-6. 
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1869 


1869 


1869 
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1888 
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* 1893 


1893 


1893 


1894 


” 1894 


1894 


Pecten textorius (SCHLOTHEIM); DUMORTIER, 
pp- 71, 125, pl. 13, fig. 1. 

Pecten textorins (SCHLOTHEIM); JAUBERT, p. 235. 
Pecten textorins (SCHLOTHEIM); DUMORTIER, 
p- 139, pl. 22, fig. 2, p. 303, pl. 39, figs. 1, 2. 
Pecten Rollei STOLICZKA; DUMORTIER, p. 139, 
pl. 22, fig. 1. 

Pecten Fortunatus sp. nov; DUMORTIER, p. 140, 
pl. 22, fig. 4. 

Pecten semispinatus sp. nov; TERQUEM and 
JoURrDY, p. 130, pl. 13, figs. 21, 22. 

Pecten Nisus D’ORBIGNY;DELORIOL et al.,p. 385, 
pl. 22, fig. 14. 

Pecten Ponzu sp. nov; GEMMELLARO, p. 107, 
pl. 13, fig. 5. 

Pecten anastomoplicus sp. nov; GEMMELLARO and 
Dı BLası, p. 99, pl. 1, figs. 4-7. 

Pecten erctensis sp. nov; GEMMELLARO and Di 
BLası, p. 102, pl. 1, figs. 8-10. 

Pecten textorins (SCHLOTHEIM); DUMORTIER, 
pp: 193, 310, pl. 44, fig. 12. 

Pecten vimineus J. DE C. SOWERBY; DE LORIOL 
and PELLAT, p. 204, pl. 23, figs. 3-5. 

Pecten Quenstedti sp. nov; BLAKE, p. 231. 

Pecten (Chlamys) Veneris sp. nov; GEMMELLARO 
and Dı BLAsı in GEMMELLARO, p. 396, pl. 30, 
fies 11,12, 

Pecten subtextorins MUNSTER; DE LORIOL, p. 161, 
pl. 23, figs. 1,2. 

Pecten Janiformis sp. nov; LUNDGREN, p. 39, 
pl. 1, figs. 58, 59. 

Pecten cf. textorius (SCHLOTHEIM); NNEUMAYR, 
pl 

Pecten Lotharingicus sp. nov; BRANCO, p. 111, 
pl. 8, fig. 9. 

Pecten subreticulatus STOLICZKA; J. MENEGHINI, 
p- 162, pl. 28, figs. 13, 14. 

Pecten aff. vimineus J. DE C. SOWERBY; BOEHM, 
p-. 183, pl. 40, figs. 3a, 3b. 

Pecten paraphoros sp. nov; BOEHM, p. 183, pl. 40, 
fig. 7. 

Pecten cf. vimineus J. DE C. SOWERBY; LAHUSEN, 
P-23,.pl.1, tes17. 

Pecten n. sp.; BOEHM, p. 614, pl. 67, figs. 36-38. 
Pecten aff. vimineus J. DE C. SOWERBY; BOEHM, 
p- 615, pl. 68, figs. 144. 

Pecten cf. vimineus J. DE C. SOWERBY; LAHUSEN, 
p- 23, ple1,he. 17. 

Pecten cf. textorins (SCHLOTHEIM); SACCO, p. 25. 
Pecten lacunarius sp. nov; ROTHPLETZ, p. 169, 
pl. 14, figs. 18, 18a, 20. 

Pecten ambiguns MÜNSTER; SCHLIPPE, p. 129, 
pl. 2, fig. 9. 

Pecten Dewalguei OPPEL; SCHLIPPE, p. 130, pl. 2, 
fig. 10. 

Pecten (Chlamys) Rollei STOLICZKA; PARONA, 
p- 14, pl. 1, fig. 3. 

Chlamys (Pecten) subtextoria (MÜNSTER); SIEMIR- 
ADZKI, p. 118. 

Pecten Dewalquei var. Jurensis var. nov; RICHE, 
p- 97, pl. 1, figs. 17, 18. 

Pecten pelops sp. nov; DE LORIOL in DE LORIOL 
and LAMBERT, p. 144, pl. 10, fig. 7. 

Pecten subarticulatus D’ORBIGNY; DE LORIOL, 
p- 303, pl. 32, figs. 16, 17. 

Pecten Ferax sp. nov; DE LORIOL, p. 308, pl. 33, 
fig. 1. 

Pecten textorins (SCHLOTHEIM); MÖRICKE, p. 37. 
Pecten episcopalis sp. nov; DE LORIOL, p. 50, 
pl. 6, figs. 1,2. 

Pecten cfr. nattheimensis sp. nov; DE LORIOL, 
p- 52, pl. 6, figs. 4-6. 


1894 
1895 


1897 
1898 


1898 
non 1903 
1903 
1903 
1903 

v” 1904 
1904 
1904 
1904 

(2?) 1904 
1905 


1905 


1905 
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v 1905 
v 1905 


v 1905 
1906 
? 1906 
(2) 1907 
1907 
1907b 
1907b 
1907b 
1910 
1910 


1911 


1911 
1911 


1911 
1911 
1911 
1911 


1914 


Pecten bipartitus sp. nov; FUTTERER, p. 32, pl. 5, 
figs. 4, 4a. 

Pecten Guyoti sp. nov; DE LORIOL, p. 42, pl. 10, 
fig. 2. 

Pecten textorins (SCHLOTHEIM); POMPECK], p. 773. 
Pecten (Chlamys) sılanus sp. nov; GRECO, p. 111, 
pl. 8, figs. 34, 35. 

Pecten articulatus (SCHLOTHEIM); GREPPIN, p. 128 
(non SCHLOTHEIM sp.). 

Pecten (Chlamys) dispar TERQUEM; BISTRAM, 
p- 36, pl. 3, fig. 3. 

Pecten textorins (SCHLOTHEIM); BURCKHARDT, 
Pr7. 

Pecten moravicus sp. nov; REMES, p. 203, pl. 19, 
figs. 9a, 9b. 

Pecten strambergensis sp. nov; REMES, p. 204, 
pl. 19, figs. 10a-c. 

Pecten (Chlamys) Etiveyensis sp. nov; DE LORIOL, 
p- 221, pl. 24, fig. 1. 

Pecten (Chlamys) episcopalis DE LORIOL; DE LOR- 
IOL, p. 223, pl. 24, fig. 7. 

Pecten (Chlamys) blyensis sp. nov; DE LORIOL, 
p- 224, pl. 24, fig. 3. 

Pecten (Chlamys) Bourgeati sp. nov; DE LORIOL, 
p- 225, pl. 24, figs. 5, 6. 

Chlamys cf. dispar (TERQUEM); COSSMANN, 
p- 504. 

Pecten (Chlamys) Dewalguei OPPEL; KILIAN and 
GUEBHARD, p. 743. 

Pecten (Chlamys) voisin de Nattheimensis DE LOR- 
1OL; KıLlan and GUEBHARD, p. 817. 


Pecten (Chlamys) vimineus J. DE C. SOWERBY; 
KıLıan and GUEBHARD, p. 817. 

Pecten subarticulatus D’ORBIGNY; PERON, p. 217, 
pl. 10, fig. 2. 

Pecten vimineus J. DEC. SOWERBY; PERON, p. 222. 
Pecten etiveyensis DE LORIOL; PERON, p. 227, 
pl. 10, figs. 3, 4. 

Pecten desmoulinsianus COTTEAU; PERON, p. 233, 
pl. 5, fig. 15, pl. 10, fig. 7. 

Pecten Ugolinü sp. nov; FUCINI, p. 620, pl. 11, 
fig. 4. 

Pecten capıllatus sp. nov; FUCINI, p. 622, pl. 11, 
fig. 5. 

Pecten (Chlamys) dispar TERQUEM; JOLY, p. 75. 
Chlamys textoria (SCHLOTHEIM); RIAZ, p. 620. 
Chlamys subarticulata (D’ORBIGNY); COSSMANN, 
p- 1, pl.2,hies.1, 2. 

Chlamys camillus (D’ORBIGNY); COSSMANN, p. 2, 
ple2 18.7. 

Chlamys cf. stricta (MÜNSTER); COSSMANN, p. 2, 
pl. 2, fig. 5 (non MUNSTER sp.). 

Chlamys dewalguei (OPPEL); LiISSAJOUS, p. 360, 
pl. 10, fig. 3. 
Chlamys  subtextoria 
p- 360, pl. 10, fig. 4. 
Pecten (Chlamys) protextorius sp. nov; ROLLIER, 
p- 264. 

Pecten (Chlamys) jurensis RICHE;ROLLIER, 265. 


(MUNSTER); LISSAJOUS, 


Pecten (Chlamys) Schombergensis sp. nov; ROL- 
LIER, p. 266. 

Pecten (Chlamys) Brisgoviensis sp. nov; ROLLIER, 
P- 267. 

Pecten (Chlamys) Schlippei sp. nov; ROLLIER, 
P- 267. 

Pecten (Chlamys) Lycetti sp. nov; ROLLIFR, 
pP: 267. 

Chlamys bathonica sp. nov; COSSMANN, p. 1, 
pl. 1, figs. 14. 

Chlamys Gadoisi sp. nov; COSSMANN, p. 3, pl. 5, 
fig. 2. 


non 


non 
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1915 
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1916 
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1916 
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” 1916 


1916 


* 1916 


1917 


1917 


1917 


1917 
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1920 
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Pecten vimineus J. DE C. SOWERBY; KRENKEL, 
p. 300, pl. 25, fig. 41. 

Pecten (Chlamys) sp. indet; ROLLIER, pl. 31, fig. 2. 
Chlamys (Psendamussium) palaemon (D’ORB- 
IGNY); COSSMANN, p. 46, pl. 5, figs. 18-20. 
Pecten textorins (SCHLOTHEIM); JAWORSKI, p. 436. 
Pecten textorius var. torulosa QUENSTEDT; 
JAWORSKI, p. 437. 

Chlamys articulata (SCHLOTHEIM); PARIS and 
RICHARDSON, p. 524. 

Chlamys articulata var. notgroviensis var. nov; 
PARIS and RICHARDSON, p. 525, pl. 45, fig. 2. 
Chlamys articnlata var. sauzeana var. nov; PARIS 
and RICHARDSON, p. 526, pl. 45, figs. 3a, 3b. 
Chlamys ambigua (MUNSTER); PARIS and 
RICHARDSON, p. 526. 

Eopecten articulatus sp. nov; PARIS and RICHARD- 
SON, p. 531, pl. 44, fig. 5. 

Pecten peruanus sp. nov; TILMANN, p. 673, 
pl. 24, figs. 4a, 4b, 5. 

Pecten Lahuseni sp. nov; BORISSIAK and IVANOFF, 
p- 11, pl.2, fies.9,:9a. 

Pecten pseudotextorins REDLICH; BORISSIAK and 
IVANOFF, p. 15, pl. 2, fig. 12. 
Pecten ambiguus MUNSTER; 
IVANOFF, p. 16, pl. 2, fig. 8. 
Pecten subambiguus sp. nov; BORISSIAK and 
IVANOFF, p. 18, pl. 2, figs. 7, 7a. 

Pecten anastomoplicus GEMMELLARO and Di 
BLAsı; FAURE-MARGUERIT, p. 54. 

Pecten strambergensis REMES; FAURE-MARGUER- 
ITP957. 

Pecten moravicus REMES; FAURE-MARGUERIT, 
p- 58. 

Pecten vimineus J. DE C. SOWERBY; FAURE-MAR- 
GUERIT, p. 58. 

Pecten aff. vimineus J. DE C. SOWERBY; FAURE- 
MARGUERIT, p. 59. 

Pecten articulatus (SCHLOTHEIM); FAURE-MAR- 
GUERIT, p. 59. 

Pecten articnlatus var. passsant ä P. anastomopli- 
cus GEMMELLARO; FAURE-MARGUERIT, p. 59. 
Pecten (Chlamys) subtextorins MUNSTER; FAURE- 
MARGUERIT, p. 60. 

Pecten Rolleiformis sp. nov; FUCINI, p. 90, pl. 5, 
figs. 15, 16. 

Pecten (Chlamys) tornlosı QUENSTEDT; ERNST, 
p: 52, pl.l,. tie‘8. 

Chlamys Dewalquei (OPPEL); LISSAJOUS, p. 158, 
pl. 30, figs. 3, 3a. 

Chlamys textoria (SCHLOTHEIM); STAESCHE, p. 30. 
Chlamys aff. textoriae (SCHLOTHEIM); STAESCHE, 
p- 30, pl. 1, figs. 8, 9. 

Chlamys torulosi (QUENSTEDT); STAESCHE, p. 33, 
pl fig... 

Chlamys cf. Phillis (D’ORBIGNY); STAESCHE, 
p- 34, pl. 1, fig. 12. 

Chlamys Dewalguei (OPPEL); STAESCHE, p. 35. 
Chlamys ambigua (MÜNSTER); STAESCHE, p. 36, 
pl. 1, fig. 2. 

Chlamys Rosimon (D’ORBIGNY); STAESCHE, p. 38, 
pl. 2, fig. 1 (non D’ORBIGNY sp.). 

Chlamys aff. Lotharingicae (BRANCO); STAESCHE, 
p- 38, pl. 1, figs. 5, 6. 

Chlamys Meriani (GREPPIN); STAESCHE, p. 39, 
pl. 1, fig. 3 (non GREPPIN sp.). 

Chlamys subtextoria (MUNSTER); STAESCHE, p. 40. 
Chlamys paraphora (BOEHM); STAESCHE, p. #1. 
Chlamys Schnaitheimensis (QUENSTEDT); STAE- 
SCHE, p. 42. 

Chlamys Nattheimensis (DE LORIOL); STAESCHE, 
p- 42, pl. 1, fig. 13, pl. 2, fig. 2. 


BORISSIAK and 
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v 1926 


1926 


? 1926 
1926 


1926 
1926 


1926 


1928 


1929 


1929 


1929 


1929 


1930a 


v 193la 


v 193la 


1931 
1931 


1932 
1933 
1934 
1934 
1935a 
1935b 
1936 
v 1936 
v 1936 
v 1936 
1936 
1936 
1936 
v 1936 
1936 
1936 
v 1936 
v 1936 
v 1936 


. 1936 
1936 


v 1936 


Chlamys Quenstedti (BLAKE); STAESCHE, p. 44, 
Pla he27. 

Chlamys cf. episcopalis (DE LORIOL); STAESCHE, 
p- 45, pl. 2, fig. 3. 

Chlamys Trigeri (OPPEL); STAESCHE, p. 56. 
Chlamys textorıa (SCHLOTHEIM); ROMAN, 
pp: 113, 140, 168. 

Chlamys ambignua (MUNSTER); ROMAN, p. 155. 
Chlamys subtextoria (MUNSTER); ROMAN, 
pp. 193, 196, 197. 

Pecten vimineus J. DE C. SOWERBY; ROMAN, 
PER197: 

Chlamys cf. vimineus (]. DE C. SOWERBY); DOUG- 
LASand ARKELL, p. 136. 

Pecten (Chlamys) textorıns (SCHLOTHEIM); LAN- 
QUINE, pp. 82, 84, 188. 

Pecten (Chlamys) Dewalguei OPPEL; LANQUINE, 
pp. 131, 199, 300, 310, 324. 

Pecten (Chlamys) ambiguus (MÜNSTER); LAN- 
QUINE, pp. 300, 324. 

Pecten (Chlamys) cf. Jurensis RICHE; LANQUINE, 
p. 300. 

Chlamys (Chlamys) nattheimensis (DE LORIOL); 
ARKELL, p. 104, pl. 10, figs. 6-8. 

Chlamys (Chlamys) splendens (DOLLFUS); AR- 
KELL, p. 107, pl. 10, figs. 1-5, pl. 14, fig. 5. 
Chlamys (Chlamys) cf. blyensis (DE LORIOL); 
ARKELL, p. 110, pl. 11, figs. 1, 1a. 

Pecten vimineus J. DE C. SOWERBY; YIN, p. 121. 
Pecten strambergensis REMES; YIN, p. 122, pl. 12, 
fig. 8. 

Pecten (Chlamys) textoria (SCHLOTHEIM); TZAN- 
KOV and BONcEV, p. 230, pl. 1, fig. 8. 

Pecten (Chlamys) sp. — subtextoria group; DIET- 
RICH, p. 64, pl. 9, fig. 35. 

Chlamys cf. textoria (SCHLOTHEIM); ROSEN- 
KRANTZ, p. 113. 

Chlamys rollei (STOLICZKA); ROSENKRANTZ, 
p. 113. 

Chlamys cf. splendens (DOLLFUS); Cox, p. 175, 
pl. 18, fig. 10. 

Chlamys sp.; COX, p. 13, pl. 2, fig. 7. 
Aequipecten sp; WANDEL, p. 483, pl. 15, fig. 3. 
Chlamys textorins (SCHLOTHEIM); DECHASEAUX, 
p- 13, pl. 1, figs. 144. 

Chlamys ambiguus (MUNSTER); DECHASEAUX, 
p- 14, pl. 2, fig. 2, pl. 3, fig. 1. 

Chlamys Dewalquei (OPPEL); DECHASEAUX, 
p- 15, pl. 1, figs. 5, 7, pl. 2, fig. 4. 

Chlamys lotharingicus (BRANCO); DECHASEAUX, 
perl 

Chlamys Camillus (D’ORBIGNY), DECHASEAUX, 
p- 18. 

Chlamys episcopalis (DE LORIOL); DECHASEAUX, 
p- 18. 

Chlamys etiveyensis (DE LORIOL); DECHASEAUX, 
p- 18, pl. 3, figs. 3, 4. 

Chlamys subtextorins (MÜNSTER); DECHASEAUX, 
p- 19, pl. 3, fig. 2. 

Chlamys splendens (DOLLFUS); DECHASEAUX, 
p- 20. 

Chlamys Blyensis (DE LORIOL); DECHASEAUX, 
p- 20, pl. 3, fig. 8. 

Chlamys subarticulatus (D’ORBIGNY); DECHAS- 
EAUX, p. 21, pl. 3 figs. 5, 6. 

Chlamys Nattheimensis (DE LORIOL); DECHAS- 
EAUX, p. 22, pl. 3, fig. 7. 

Chlamys Nisus (D’ORBIGNY); DECHASEAUX, p. 23. 
Chlamys Guyoti (DE LORIOL); DECHASEAUX, 
P-24. 

Chlamys Bourgeati (DE LORIOL); DECHASEAUX, 
p- 24, pl. 3, fig. 10. 


1936 
(2) 1936 


v* 1936 


1938 
1938 


1942 
1942 
1948 
1948 
1948 
1948 
1951 
1951 


1952 


1952 


1952 


1952 
1953 


u 


1956 


1957 


1961 


1961 


1964 


1965 


1966 


1966 


1967 


1968 
1970 


1970 
1971 


1973 


1973 


1973 


1974 


v 1975 


v 1975 


v 1975 


Chlamys sp; DECHASEAUX, p. 24, pl. 4, fig. 1. 
Pecten (Chlamys) dispar TERQUEM; DECHASEAUX, 
p- 27. 

Chlamys nenmarktensis sp. nov; KUHN, p. 247, 
pl. 12, fig. 40. 

Chlamys Dewalquei (OPPEL); CHOUBERT, p. 198. 


Chlamys cf. ambigua (MÜNSTER); WEIR, p. 47, 
pl. 3, figs. 9, 10. 

Pecten (Chlamys) textorins (SCHLOTHEIM); LEAN- 
ZA, p. 172, pl. 7, fig. 2. 

Pecten (Chlamys) textorins var. torulosa QUEN- 
STEDT; LEANZA, p. 173, pl. 7, fig. 4. 

Chlamys viminea (J. DE C. SOWERBY); COX and 
ARKELL, p. 11. 

Chlamys ambigua (MÜNSTER); COX and ARKELL, 
p.12. 

Chlamys jurensis (RICHE); COX and ARKELL, 


p- 12. 
Chlamys subtextoria (MÜNSTER); COX and AR- 
KELL, p. 12. 


Chlamys torulosi (QUENSTEDT); MAUBERGE, 
p- 367. 

Chlamys textoria (SCHLOTHEIM); TROEDSSON, 
p. 213, pl. 21, figs. 14-16. 

Chlamys ambigua (MÜNSTER); Cox, p. 4, pl. 1, 
figs. 24. 


Chlamys subtextoria (MÜNSTER); Cox, p. 6, pl. 1, 
figs. 5-7. 

Chlamys cf. episcopalis (DE LORIOL); COX, p. 7, 
pl. 1, fig. 1. 

Chlamys sp. indet; Cox, p. 9, pl. 1, fig. 8. 
Chlamys (Chlamys) wunschae sp. nov; MARWICK, 
p- 98, pl. 10, figs. 23, 24. 

Chlamys subulata securis (DUMORTIER); MEL- 
VILLE, p. 121, pl. 5, figs. 4, 5. 

Chlamys kurumensis sp. nov; KOBAYASHI and 
HAYAMI in HAYAMI, p. 119, pl. 20, figs. 1a, 1b. 
Chlamys textoria (SCHLOTHEIM); HAYAMI, 
pp. 254, 318, 319. 

Chlamys dewalquei var. jurensis (RICHE); BAR- 
BULESCU, p. 702. 

Chlamys Inciensis (D’ORBIGNY); J.-C. FISCHER, 
p-. 17, pl. 1, figs. 14, 15. 

Chlamys subtextoria (MUNSTER); COX, p. 55, 
pl. 7, fig. 8. 

Chlamys textorins (SCHLOTHEIM); BEHMEL and 
GEYER, p. 28. 

Chlamys torulosi (QUENSTEDT); BEHMEL and 
GEYER, p. 28. 

Chlamys textoria (SCHLOTHEIM); BERRIDGE and 
IviMEY-COOK, p. 160. 

Chlamys textoria (SCHLOTHEIM); WOBBER, p. 36. 


Chlamys cf. nattheimensis (DE LORIOL); BEHMEL, 
P.:62. 

Chlamys cf. quenstedti (BLAKE); BEHMEL, p. 62. 
Chlamys cf. textoria (SCHLOTHEIM); HALLAM, 
pp. 242-244, 246, 247. 

Entolium (?) Stoliczkaı (GEMMELLARO); LENTINI, 
p- 27, pl. 16, fig. 1 (non GEMMELLARO sp.). 
Chlamys (Aeqnipecten) cfr. Pollux (D’ORBIGNY); 
LENTINI, p. 27, pl. 16, fig. 1 (non D’ORBIGNY sp.). 
Chlamys (Velata) cfr. velata (GOLDFUSS); LEN- 
TINI, p. 29, pl. 15, fig. 8 (non GOLDFUSS sp.). 
Chlamys enantyi sp. nov; SKWARKO, p. 83, pl. 26, 
figs. 1, 6, 12. 

Chlamys subtextoria (MÜNSTER); YAMANI, p. 56, 
pl. 2, figs. 15, 16. 

Chlamys paraphora (BOEHM); YAMANI, p. 57, 
pl. 2, fig. 18. 

Chlamys quenstedti (BLAKE); YAMANI, p. 58, 
pl. 2, figs. 1,2. 


v*? 1978 Chlamys (Chlamys) bedfordensis sp. nov; DUFF, 


p- 69, pl. 5, figs. 14-16, 18, 21, text fig. 23. 


Lectotype of Pectinites textorins SCHLOTHEIM 
1820, p. 229 designated herein; HM-M23; 
Pl. 8, Fig. 20 herein; H: 55, L: 51; L. Lias, 
Amberg (Franconia). 


1. ORIGINAL DIAGNOSIS AND DESCRIPTION 


‚Aus älterem Flötzkalk (sogenannten Gryphitenkalk) von 
Amberg, theils der Gebirgsart aufliegend, theils in freyen Ex- 
emplaren, mit versteinerter Schale, jedoch etwas schädigt, 
und einige mit beyden Hälften (4 Ex.). 


In der Form und Querstreifung dem Pectin. asper ähnlich, 
aber die Beschaffenheit und Richtung der Strahlen sehr ver- 
schieden. Sie sind ungleich dünner, liegen viel enger zusam- 
men, und zwischen jedem etwas stärkeren und hervorsprin- 
genden wird abwechselnd ein etwas tiefer liegender, feinerer 
sichtbar. Äußerst feine, scharf hervortretende Querstreifen, 
welche eng zusammenlaufen, und auf jedem Längenstrahl 
kleine hervorstehende Schuppen bilden, geben dem Ganzen 
ein gestricktes oder gewebtes Ansehen. Beyde Hälften sind 
flach und gleichförmig gewölbt. Scheint nicht sehr häufig 
vorzukommen und ist in schön erhaltenen und vollständigen 
Exemplaren sehr selten.‘ 


100-) 


2. AMENDED DIAGNOSIS 
Ch. 


(Chlamys) by the presence of imbricate lamellae on the plicae. 


Distinguished from other species of 


Jurassıc 


3. AMENDED DESCRIPTION 


Disc shape variable, sub-orbicular early in ontogeny, be- 
coming increasingly sub-ovate, higher than long (text 
fig. 148) towards the maximum height of 93.5 mm (GPIT 
2-92-3). Umbonal angle increasing during ontogeny but very 
variable, tending to be relatively high in forms with many 
plicae (text figs. 149, 147). Dorsal margins concave; disc 
flanks low. 

Approximately equilateral; inequivalve, left valve low- 
moderate convexity, right valve usually almost flat. Intersinal 
distance variable, greater in left valve than right, increasing 
isometrically in the former and at a decreasing rate with re- 
spect to length in the latter (text figs. 150, 151). Depth of bys- 
sal notch variable, moderate to large, but increasing with ap- 
proximate isometry (text fig. 152). 

Aurıcles well demarcated from disc, varıable in size. Both 
posterior auricles meeting hinge line at an obtuse angle and 
disc at an acute angle. Anterior auricles meeting disc at an 
acute angle and hingeline at a variable angle, 90° or less. All 
auricles bearing comarginal imbricate lamellae, anterior auri- 
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Text fig. 148: Chlamys (Ch.) textoria — heighv/length. 
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Text fig. 150: 


Chlamys (Ch.) textoria — intersinal distance on left valve/length. 
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Text fig. 151: Chlamys (Ch.) textoria — intersinal distance on right valve/length. 


cle of left valve also bearing radial striae of variable promi- 
nence. Anterior auricle height variable (text fig. 153). An- 
terior and posterior hinge lengths both varıable, former in- 
creasing with respect to length at a slightly decreasing rate 
(text fig. 154), latter increasing at a slightly increasing rate 
(text fig. 155). 

Disc exterior ornamented with a variable number of radial 
plicae, tending to increase in number by either intercalation or 
splitting but at a very variable rate (Pl. 6, Figs. 10-12, Pl. 7, 
Figs. 1-23, Pl. 8, Figs. 1-3, 5-20). Between 17 and 30 plicae 
at the earliest stages in ontogeny, between 17 and 98 at L: 20 
(text fig. 146), between 17 and 121 at L: 40 (text fig. 146) and 
between 17 and at least 62 at L: 60 (text fig. 146). Plicae bear- 
ing varıably spaced imbricate comarginal lamellae which tend 
to be closer and lower in forms with more plicae. Lamellae 
generally lower on right cf. left valves of all forms. 


Shell thıckness moderate. 


4. DISCUSSION 


Figs. 1, 5) [21:60]; 

the sole observed types of: 

‘P.” ambiguus Münster (BSPHG AS VII 620; Pl. 7, 
Fig. 17) [32: 36]. 

‘P.’ subtextorins Munster (BSPHG AS VII 623; Pl. 7, 
Fig. 16) [41: 30]; 

the holotype (M) of: 

‘P.’ semispinatus TERQUEM and Jourpy (ENSM L342; 
Pl. 7, Fig. 4) [22:20]; 

the sole observed syntype of: 


. ‘P.’ paraphoros Bornm (BSPHG) [43:16]; 


the sole observed type of: 

‘P.’ pelops ve Lorıor (MNS B.03982; Pl. 7, Fig. 6) 
[20:34]; 

a possible syntype of: 


. ‘P.” episcopalis ve Lorıoı (MNO 3761; Pl. 7, Fig. 18) 


[38:26]; 

syntypes of: 

‘P.’ (Chlamys) Etiveyensis De LorıoL (MNS B.03986; 
Pl. 7, Fig. 22) [40:38]; 


10. ‘P.’ desmoulinsianus CoTtzau (MNS B.03987; Pl. 7, 

The lectotype (herein designated) of ‘Pectinites’ textorıus Figs. 2,3) [18:12]; . 
SCHLOTHEIM (HM M23; Pl. 8, Fig. 20) ıs a poorly preserved the sole observed syntype of: j 
ae ande propernone Ahelkarl, 11. Ch. articulata var. notgroviensis Parıs and RıcHARD- 
fall within the range of the species described in Section 3. The son) (BMILL#1970; Bl 72 Eig.719) [27:51]; 
latter, by reason of the historically senior position of the sole observed type of: 
SEHLOTHEIWS taxonomie species is therefore known herein- 12. Ch. articulata var. sauzeana Parıs and RıcHARDSON 
after as Chlamys (Ch.) textoria. a, S “ Figs. 1, 7) [21:56]; 

the holotype of: 

re Lelloseng Spa Sega nano Lack DeRssr ee Tan 13. Ch. no Konn (BSPHG AS I 867; Pl. 7, 
Ch. (Ch.) textoria by their metric proportions and their plical Fig. 13) [26:48]; 
counts at the given length (in square brackets) also fall within the alleged holotype (M) of: 
the range of the species. 14. ‘P.’ texturatus Münster (BSPHG AS VII 619; Pl. 7, 


The sole known type of: 
2. ‘Pecten’ vimineus J. pe C. Sowersy (BM 43318; Pl. 8, 


Fig. 21) [46:63]; 
and the syntypes of: 
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Text fig. 152: Chlamys (Ch.) textoria — depth of byssal notch/length. 


15. ‘P.’ Phillis D’Orsıcny (MNO 2075A-C; Pl. 6, Fig. 10, 
Pl. 7, Fig. 5) [respectively 17:31, 19:39, 21:29]. 
16. ‘P.” subarticulatus D’Orsıcny (MNO 4286, 4286A) 
[respectively 19:39, 19:30]. 
The original figures of the following are similarly insepara- 
ble: 
17. ‘P.’ virguliferus PhuLLirs [39:20]. 


18. ‘P.’ subimbricatus ROEMER [60:33.5]. 

19. ‘P.’ palosus Srouiczka [45:23]. 

20. ‘P.’ Sısmondae Careuuını [36:23]. 

21. ‘P.’ Fortunatus Dumorrier [36:45]. 

22. ‘P.’anastomoplicus GEMMELLARO and Dı Brası [20:65]. 
23. ‘P.’ erctensis GEMMELLARO and Dı Brası [32:37]. 
24. ‘P.’ Ferax DE Lorıoı [50:27]. 

25. ‘P.’ (Ch.) silanus Greco [35:26]. 

26. ‘P.’ (Ch.) blyensis ve LorıoL [36:38.5]. 

27. ‘P.’ (Ch.) Bourgeati ve Lorıoı [18:35]. 

28. ‘P.’ subambiguus Borıssıar and Ivanorr [19:40]. 


Metric proportions of the original figures of the following 
are inseparable from Ch. (Ch.) textoria but the number of 
plicae cannot be counted due to poor drawing, although it ap- 
pears to be within the range of the latter species. 

29. ‘P.’ textorins torulosi QUENSTEDT. 

30. ‘P.’ securis DUMORTIER. 

The following type specimens plot outside the range of text 
figs. 148-155 for the parameters stated but may be considered 
to be extreme variants of Ch. (Ch.) textoria since their plical 
counts at the lengths stated are within the ranges described in 
Section 3. 


The holotype (M) of: 


31. ‘P.’ Quenstedti Brake GPIT 2-92-3; Pl. 6, Fig. 12), 
high H/UA [20:80.5]; 
the sole observed syntype of: 

32. ‘P.’ textorins albus Qurnsteor (GPIT), low H/UA 
[47:16.5]; 


the sole observed type of: 

‘P.” subtextorius Schnaitheimensis QUENSTEDT (GPIT 

4-92-7; Pl. 8, Fig. 13), high H/UA and HAA/L 

[43:27]; 

the sole observed syntype of: 

34. ‘P.’ lacunarins Rorurıerz (BSPHG AS XXIV 52; 
Pl. 6, Fig. 11), low H/UA [25:22]. 


The following original figures are considered to be insepar- 


33. 


able for the same reasons. 


35. ‘P.’ Benedicti Contejsan, high H/UA [30:20.5]. 

36. ‘P.’ subreticulatus StoLiczka, low H/UA [70:32.5]. 

37. ‘P.’ Rollei Srouıczka, low H/UA [50:32]. 

38. ‘P.’ verticillus StouiczkA, low H/UA [70:38]. 

39. ‘P.’ splendens Dourrus, low Iy/L [30:68.5]. 

40. ‘P.’ (Ch.) Veneris GemmELLARO and Dı Brası, low 
H/UA [80:19]). 

41. ‘P.’ Guyoti pe Lorıor, high H/L and H/UA [35:54]. 

42. ‘P.’ moravicus Remes, high H/UA [25:28]. 

43. ‘P.’ strambergensis Remes, high PH/L [18:15.5]. 


Although it has not been possible to accurately measure the 
number of plicae in the original figures of the following 
species, the overall density of the ornament (in square brack- 
ets) appears to be within the range of Ch. (Ch.) textoria and 
the anomalous metric proportions stated are probably a con- 
sequence of enlargement or distortion in illustration. 


44. ‘P.’ Billoti CoNtEjean, high H/UA [coarse]. 

45. ‘P.’ Ponzii GEMMELLARO, low H/UA [fine]. 

46. ‘P.’ Ugolinii Fucını, low H/UA [fine]. 

The figure of ‘P.” capillatus Fucını (47) also has low H/UA 
but the ornament is dense enough [40:9] to suggest that it may 
belong to a different species. 

In cases 7, 14, 29, 30 and 40 above, the reduction or com- 


plete loss of the comarginal ornament is probably due to abra- 
sion. In cases 13, 22, 23 and 31 the lack of comarginal orna- 
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Text fig. 153: Chlamys (Ch.) textoria — height of anterior auricle/length. 


ment is due to preservation as internal moulds. In 18 and 43 
the apparently larger size of the posterior compared to the an- 
terior auricle is clearly due to reversal in printing and mea- 
surements have been correspondingly altered. 


‘P.’vimineus (2) has been used by Borna (1881a) for forms 
said to have as few as 16 plicae (i. e. outside the range of Ch. 
(Ch.) textoria). BoEHM’s figures do not, however, support 
this claim since they depict specimens with 18-19 plicae. 
Krenker (1915) has applied J. De C. SowErBy’s specific name 
to forms which, by the irregularity of the ornament, are prob- 
ably referable to Eopecten. 


‘P.’ Quenstedti (31) was erected by Brake (1875) for the 
specimen which was incorrectly referred to ‘P.’ dentatus ]. DE 
C. Sowergy by QUENSTEDT (1858). ‘P.’ moravicus (42) was 
created by Reues (1903) for the original of ‘P.’ n. sp. (BoEHM, 
1883), among other specimens. 


QUENSTEDT’s subspecies ‘P.’ textorins torulosi (29) and ‘P.’ 
subtextorius Schnaitheimensis (33) were subsequently raised 
to specific rank by respectively Ernst (1923) and THURMANN 
and Eraıon (1862). Although outside QUENSTEDT’s 
hypodigm, Thurmann and Erarıon’s species (with 18 plicae 
throughout ontogeny) is within the present author’s 
hypodigm for Ch. (Ch.) textoria. Varıetal use of the name tor- 
ulosi (see Synonymy) does not differ from the original 
hypodigm. Subspecific use of ‘P.’ securis DumoRrTIER (30) by 
Mervıre (1956) is also within the original hypodigm. 


‘P.’ (Ch.) Etiveyensis ve LorıoL (9) was created for the 
holotype (M) of ‘P.” icaunensis CoTTeau in the belief that the 


latter name was a junior homonym of a Neocomian species. 
In fact the Neocomian species was described after the Jurassic 
species in Corteau’s work (1855: 115) thus it could be argued 
that the latter is the senior homonym and that DE Lorıor’s 
species is therefore a junior objective synonym which must be 
rejected. 


‘P.’ subarticulatus D’ORrBıGNY (16) must be rejected since it 
is a junior primary homonym of a Valanginian species de- 
scribed by Rorwmer (1839). 


The following specimens are too poorly preserved to allow 
measurement of the metric proportions plotted in text 
figs. 148-155. However the general form and number of 
plicae (in square brackets) is within the range of Ch. (Ch.) 
textoria of comparable size. 


a. The syntypes of ‘P.’ Luciensis D’ORBIGNY 
(MNO 2910) [20]. 
b. The syntypes pf ‘P.’ Camillus D’ORrBIGNY 
(MNO 3400A-D; Pl. 7, Fig. 10) [23-24]. 
c.  Thesyntypes of ‘P.“ Opis D’ORBIGNY 
(MNO 3762, 3762A, 3762B) [30]. 
d. The syntypes of ‘P.‘ Nisus D’ORBIGNY 
(MNO 4289) [19]. 
e. The ssyntypes of ‘P.‘ Niso D’ORBIGNY 
(MNO 4291, 4291A) [39]. 
f.  Thesole observed type of ‘Eopecten’ articulatus Parıs 
and RıcHarpson (BM L42060; Pl. 8, Fig. 2) [21]. 
g. The original of Ch. Rosimon (D’ORBIGNY); STAESCHE 
(GPIT 1592/5; Pl. 8, Fig. 16) [48]. 
h. The original of Ch. sp., DEcHAsEAux [18]. 
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Text fig. 155: Chlamys (Ch.) textoria — posterior hinge length/length. 


The original figures of the following are poor illustrations Ch. cf. stricta (MUNSTER); COSSMANN 


or depict incompletely preserved specimens. However, they (non Münster) [35]. 


= 


are similarly inseparable from Ch. (Ch.) textorıa. r. Ch. Gadoisi Cossmann [22]. 
i.. ‘P.’varius Linnarus; Young and BırD s. P.’(Ch.) 33 indet; Rorrier [22]. 
(non Linnarus) [23] t.  “P.’ Lahuseni Borıssıak and Ivanorf [27]. 
‘P.’ elegans Young and Bıro [27]. u. ‘P.’ Rolleiformis Fucını [30]. 
k. ‘P.’textorius var. orbicularis KocH and Dunkek [43]. en er D> ea 122): 3 
l.  P.’ Nothus D’Orsıcny in Bovre [19]. w. “Aequipecten’ sp; Nep [20]. 
m. “P.’ Hermanciae Erauıon [25]. x. Ch. sp; DECHASEAUX [118]. 
n. ‘P.’ Janiformis LunnGkren [20]. y. Ch. sp. inder; Cox 119]. 
..  P.’ Lotharingicus Branco [22 z. Ch. kurumensis Kosayashı and Hayanmı [42]. 
p- P.’ bipartitus FUTTERER [28]. a). Ch. enantyi SKwarko [30]. 


The reduced development of comarginal ornament in a, |, 
o, u and x can be attrıbuted to abrasion. However, the 
smoothness of the right valve compared to the strong or- 
namentation of the left in ‘P.’ Janıformis (n) may be indicative 
of a specific difference. The irregular plication of E. art- 
iculatus (f) is only known in two specimens and may be 
caused by restricted growth amongst corals (see Section 8). 


One of the original syntypes of ‘?.’ Nothus (MNO 4284) 
was shown by Boure (1929) to be representative of Radulopec- 
ten inequicostatus. To avoid confusion D’ÖRBIGNY’s 
hypodigm was restricted to the specimen (l) which is clearly 
an example of Ch. (Ch.) textoria. 

The figures of ‘P.’peruanus TıLmann, ‘P.’ pseudotextorins 
RepLicH; Borıssıak and Ivanorr, Ch. Mertani (GREPPIN); 
STAESCHE (non Greprin), ‘P.’ (Ch.) sp; DiErrich, “Entolium’ 
(?) Stoliczkai (GEMMELLARO); LENTINI (non GEMMELLARO), 
Ch. (‘Aequipecten’) cfr. velata (Gowruss); LENTINı (non 
Goıpruss) all depict imperfectly preserved specimens ın 
which neither the number of plicae nor the metric proportions 
could be accurately measured. However, except in the case of 
‘P.’ pernanus (where there is some resemblance to Ch. (Ch.) 
valoniensis), the overall form and disposition of the plicae 
leave little doubt that they should be included within Ch. 
(Ch.) textoria. REDLICH’s description of 
‘P.’ psendotextorins has yet to be traced. 


original 


The figures of ‘P.’ textorins y QUENSTEDT and 
‘P.’ canaliculatus Tergurm and Pıerte depict fragmented 
specimens but the characteristic ornament of Ch. (Ch.) tex- 


torıa ıs clearly visible. 


The original description of Ch. (Ch.) bedfordensis Durr 
specifies, in contrast to Ch. (Ch.) textorıa, different numbers 
of plicae on the right (70) and left (40) valves. However, it is 
not clear whether the description is based on a bivalved 
specimen and the holotype (OD; a right valve) of Ch. (Ch.) 
bedfordensis (BM LL27724) ıs very similar to small, finely 
ornamented specimens of Ch. (Ch.) textorıa. Bearingin mind 
the great varıability in the number of plicae in the latter species 
Ch. (Ch.) bedfordensis may well be synonymous. 


The major proportion of the disc ornament in Ch. (Ch.) 
wunschae MARrwiIıck is very similar to Ch. (Ch.) textoria but 
the existence of what appears to be “Camptonectes-ornament’ 
on the anterior and posterior dorsal margıns probably serves 
to distinguish the species. 

The specific name articulatus SCHLOTHEIM has frequently 
been applied (see Synonymy) to coarsely ornamented forms 
of Ch. (Ch.) textoria following the illustration of such aform 
under ‘P.’ articulatus by Goıpruss (1833). However, 
v. SEEBACH (1864) and Cossmann (1911) have examined 
SCHLOTHEIM’s type material and pronounced it to be represent- 
atıve of P. vagans J. DE C. Sowergy (= Radulopecten vag- 
ans). Subsequent illustration of syntypes by STAESCHE (1926, 
pl. 1, figs. 10, 11) has confirmed distinctiveness from Ch. 
(Ch.) textorıa (and thus the inappropriate use of the name by 
Gorpruss and later authors) although the affinities of the 
specimens seem to be with R. inequicostatus. v. SEEBACH con- 
sidered that J. DE C. Sowersy’s specific name vimineus 
should be applied to forms like ‘P.’ articulatus Gowpruss but 
DE LorıoL (1894) reckoned J. DE C. SowErBy’s species (from 
the Inferior Oolite [Cox and Arkeıı, 1948]) to be distinet 
from that of Goıpruss (from the Tithonian) and therefore 
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created anew name (nattheimensis) for the latter. Cossmann 
created Ch. bathonica for similar specimens from the Batho- 
nian, reasoning apparently that mere stratigraphic separation 
merited a specific distinction. OpreL (1858) created ‘P.’ De- 
walquei for specimens referred to ‘P.’ articulatus by CHapuis 
and Drwargur (1853) which he presumably considered to be 
outside Goıpruss’ hypodigm for the species. The variety 
Jurensis Rıchz (1893) was created for forms with compound 
plicae and raised to specific rank by Router (1911). Since this 
feature is acommon aspect of the varıation in coarsely or- 
namented Ch. (Ch.) textoria (e.g. Pl. 7, Fig. 11), ‘P.’ (Ch.) 
jurensis can safely be synonymised. 


RorLier’s species ‘P.’(Ch.) protextorius, ‘P.’ (Ch.) Schom- 
bergensis, ‘P.’ (Ch.) Brisgoviensis, ‘P.’ (Ch.) Schlippe: and 
‘P.’ (Ch.) Lycetti were erected for specimens which he con- 
sidered had been incorrectly assigned to synonyms of Ch. 
(Ch.) textoria by previous authors (respectively ‘P.’ textorins 
torulosi QUENSTEDT, ‘P.’ textorıus SCHLOTHEIM; (QQUENSTEDT, 
‘P.’ ambiguus MÜNSTER; SCHLIPPE, ‘P.’ Dewalguei OpreL; 
ScHLippE, ‘P.’ articulatus SCHLOTHEIM; LyYcETT) but which are 
within the present author’s hypodigm for Ch. (Ch.) textorıa. 


The affinities of ‘P.’ Palaemon D’Orsıcny, ‘P.’ dispar 
TERQUEM, ‘P.’ textilis Münster and ‘P.’ Trigeri Opreı (and 
subsequent references thereto) are discussed under respec- 
tively, Entolinm (E.) lunare, Ch. (Ch.) valonıensis and 
Camptonectes (C.) subulatus (last two). 


In the interests of brevity secondary references to 
synonymous species are only listed in the synonymy where 
they occur in major works (e. g. STAESCHE, 1926, Dr- 
CHASFAUX, 1936) or where they are of relevance to the preced- 
ing discussed or sections 5-10. Further secondary references 
may be traced in ROEMER (1839), (QUENSTEDT (1843, 1852), 
pD’Orsıcnv (1850), Bronn (1852), Orreı (1866), LAuBE 
(1867), WAAGEN (1867), Brauns (1871), Tare and BLAkE 
(1876), LunnpGren (1881), Sımpson (1884), BEHRENDSEN 
(1891), SıemirAanzkı (1893), BETToNI (1900), Cossmann (1900), 
TRAUTH (1909), Sımiongscu (1910), BLASCHKE (1911), ROLLIER 
(1911), Cossmann (1919), Cox (1928), Vınassa DE REGNY 
(1933), Rakus (1964), UrLichs (1966), Barsurescu (1971) and 
NıtzorouLos (1974). 


5. STRATIGRAPHIC RANGE 


The earliest zonally defined records of Ch. (Ch.) textorıa 
are from the Planorbis zone (Hettangian) of S. England (au- 
thor’s collection), the Rhone Basın (Dumorrirr, 1864), the 
Northern Alps (Neumayr, 1879) and Peru (TıLmann, 1917). 
Earlier records may however be constituted by occurrences in 
the “Rhaeto-Lias’ of E. France (TrrQurm, 1855) and N. Italy 
(Caperunı, 1866). Apart from the above and records from the 
Angulata zone of S. England (BM 77247) and E. France 
(TERQUEM and PıETTE, 1865) the species is unknown until the 
Sinemurian when it becomes widespread and locally com- 
mon. Numbers in the L. and U. Pliensbachian are perhaps 
somewhat reduced but the species remains widespread until 
the Toarcıan. In the L. Toarcian Ch. (Ch.) textoria appears 
only to occur in any numbers in the Tenuicostatum zone of 
Luxembourg (MaAußErGE, 1851) and the Bifrons zone of the 
Lyonnais (DumorTIER, 1874; Rıaz, 1907; Roman, 1926). Cer- 
tain U. Toarcian records are limited to specimens from the 
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Text fig. 156: Chlamys (Ch.) textoria —- European distribution. 


Cotswolds (BM L41990), E. Spain (BEumer and GEYER, 
1966), Portugal (Harıam, 1971), L. Saxony (ErnsT, 1923) 
and Swabia (SraescHe, 1926); the latter being the only area 
where the species occurs fairly frequently. Other Toarcıan 
records in the literature (VErnEuIL and CoLLoMmB, 1952; 
J- Menechinı, 1881; BURCKHARDT, 1903; LAnoQuınE, 1929; 
DecHastaux, 1936) are from unspecified horizons within the 
stage and refer to indeterminate numbers of specimens. 
“Toarcian’ museum specimens, apart from those which are 
representative of the above records, are limited to three ex- 
amples from Normandy (BM 65891, 65897, L38023) and one 
from Chile (BM LL26315). 


In the Aalenian Ch. (Ch.) textoria again becomes locally 
common and continues thus through the Bajocian. In the 
Bathonian common occurrences are considerably more 
sparsely distributed and in the Callovian the species is only 
known to occur commonly at one horizon (Lamberti zone of 
Brora, Scotland). Apart from specimens from this localıty 
undoubted examples of Ch. (Ch.) textoria from the Cal- 
lovian in museums are limited to nine specimens from the 
E. Paris Basın (MNO [3], MNP [3], GPIT [2], DM) two 
from $S. Germany (BSPHG, GPIG), two from Poland (BM 
LL17246-7) and two from England (SbM, OUM J4823). Bib- 
liographic records excluding those which refer to the above 
specimens are limited to Russia (LAHUsen, 1883; Borısstak 
and Ivanorr, 1917), Rumanıa (BArBULEsCU, 1961), S. Ger- 
many (ScHLippe, 1888), the E. Paris Basin (DECHASEAUX, 
1936), the Rhone Basın (Lıssajous, 1910, 1923) and England 
(Douscras and Arkeıı, 1928; Cox and Arkeıı, 1948) and the 
number of specimens in each case is probably small. 


In the Oxfordian Ch. (Ch.) textoria again becomes locally 
common and continues thus until the U. Tithonian (BoEHMm, 
1883; Remes, 1903; KıLıan and Gu£BHARD, 1905; Yın, 1931). 
However, distribution is at all times somewhat patchy. 


6. GEOGRAPHIC RANGE 


In the Lias Ch. (Ch.) textoria is known from a great many 
localities over a large area of Europe (text fig. 156) and at the 


same time it occurs widely in $S. America (text fig. 157). The 
palaeolatitudinal range is thus about 100°. Since the species 
occurs in the Planorbis zone of both Europe and $. America 
migration to produce the disjunct distribution must have oc- 
curred either very early in the Jurassic or in the Triassic. The 
lack of direct shelf connections over this period would have 
forced Ch. (Ch.) textoria to use extremely long routes 
through either the Arctic or Antarctic regions if deep waters 
were to have been avoided. If the occurrence of specimens ın 
the L. Jurassic outside Europe and S. America is at all indica- 
tive (by way of signifying the existence of populations which 
might be relicts) of the route taken, then the records of Ch. 
(Ch.) textoria from Japan and Siberra suggest that the Arctic 
route was adopted. However, the apparent absence of Ch. 
(Ch.) textoria from the L. Jurassic of western N. America 
(Hayanmı’s [1961] record from N. America presumably refer- 
ring to specimens collected from E. Greenland by Rosen- 
KRANTZ [1934]) argues against this hypothesis and since MAr- 
wick’s (1953) single, doubtfully conspecific, specimen (see 
Section 4) is the only record from the L. Jurassic of Oceanıa 
the Antarctic route seems also to be precluded. The available 
evidence therefore suggests that Ch. (Ch.) textoria was able 
to migrate via the direct, deep water route of the Tethys and 
Pacific Oceans. 


During the Toarcıan Ch. (Ch.) textoria became much 
more sparsely distributed in Europe and outside the continent 
the species may well have been restricted to $. America. 


During the Aalenian Ch. (Ch.) textoria was apparently 
confined to Europe where, however, it became more wide- 
spread although largely absent from the peri-Mediterranean 
region. A similar pattern of distribution was maintained 
throughout the rest of the Jurassic ın Europe. 


In the Bajocian the range extended along the southern 
shores of Tethys and apart from an apparent break in the 
Bathonian (which may be a function of collection failure) the 
species persisted in the latter area until the Kimmeridgian. 
Wanper’s (1936) single specimen from the Oxfordian of the 
E. Indies may indicate a similar spread along the northern 
shores of Tethys. 
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Text fig. 157: Chlamys (Ch.) textoria - World distribution (Callovian reconstruction). 


The particular abundance of Ch. (Ch.) textorıa in the Cal- 
lovian of Cutch, India (Cox, 1952) in conjunction with the 
scarcity of the species in Europe (see Section 5) at this time 
suggests a shift in the centre of population, perhaps as a re- 
sponse to the widespread development of unfavourable 
bituminous shale facıes (see Section 8) in the latter region. 


In the Tithonian the range of Ch. (Ch.) textoria may well 
have contracted into Europe. 


7. DESCRIPTION OF ECOLOGY 


Rather than laboriously catalogue the particular variants of 
Ch. (Ch.) textoria present at a given locality the author has 
taken the liberty in the following description of referring 
specimens to one of three arbitrarily defined groups, charac- 
terised by the presence of 17-26 plicae, 27-36 plicae and more 
than 36 plicae at L: 20, known hereinafter as the ‘coarse’, ‘in- 
termediate’ and ‘fine’ phenotypes respectively. 


Ch. (Ch.) textoria first occurs in any numbers in the 
Sinemurian when however it is found widely in all the major 
facies developed in the stage. It is particularly common in the 
Arietenkalk (Bucklandi zone), a predominantly clay and mic- 
ritic limestone sequence in $. W. Germany, where it reaches 
a maximum height of 53 mm (GPIT). All specimens in which 
the shell is preserved belong to the ‘fine’ phenotype. The 
species is also common in the stratigraphically slightly higher 
chamosite oolites of the Frodingham Ironstone (Semicos- 
tatum-Obtusum zones) where it reaches amaximum height of 
37 mm (author’s collection). The majority of specimens be- 
long to the “intermediate’ phenotype but the ‘fine’ phenotype 
also occurs (assoc. fauna, p. 69). ‘Fine’ phenotypes consti- 
tute all the records of Ch. (Ch.) textoria from the 
U. Sinemurian Hierlatz Limestone of the N. Alps. Such 
phenotypes also form the basis for the many records of Ch. 
(Ch.) textoria from clays and micritic limestone in the 
L. Pliensbachian of S. W. Germany and the E. Paris Basın 
(where the species reaches a maximum height of 73.5 mm 
[Dechaseaux, 1936]). ‘Intermediate’ and “coarse’ phenotypes 


from this stage are restricted to two specimens from Germany 


(BSPHG; Pl. 7, Fig. 12) and one from Lorraine (NM). 
Ch. (Ch.) textorıa ıs widespread in the U. Pliensbachian 


but appears only to be common in micritic limestones in 
Swabia (STAESCHE, 1926) where it reaches a maximum height 
of 60 mm (BSPHG). No specimens are known from sandy 
facies in substage (e. g. Sandy Series, Yorkshire; Down 
Cliff and Thorncombe Sands, Dorset) and the species is rare 
in chamositic colıte facıes (e. g. Cleveland and Banbury Iron- 
stones) although ıt reaches a maximum height of 88 mm 
(BM 20166). In similar facıes in the L. Toarcıan of the Lyon- 
nais the species is common but reaches a maximum height of 
only 36.5 mm (ENSM). ‘Intermediate’ phenotypes are more 
common than “fine’ but in argillaceous facies in the same sub- 
stage in Luxembourg (MauserGe, 1951), Ch. (Ch.) textoria ıs 
represented only by ‘fine’ phenotypes (maximum height 
35 mm [BSPHG]). All but one (GPIG) of the museum speci- 
mens examined by the author from argillaceous facies in the 
U. Toarcıan of Swabia exhibit the ‘fine’ phenotype. The max- 
imum height attained ıs 53.9 mm (STAESCHE, 1926). The as- 
sociated benthic fauna is considerably reduced in density and 
somewhat reduced ın diversity. 


No specimens of Ch. (Ch.) textoria have been recorded 
from Toarcıan bituminous shale deposits. An isolated speci- 
men exhibiting the ‘fine’ phenotype (BM 65897; Pl. 8, 
Fig. 19) from the argillaceous sequence of Normandy is the 
largest (H: 73.5) known from the stage. 


Although reef and reef-derived deposits are known in the 
Jurassic as early as the U. Pliensbachian (Jebel Bou-Dahar, 
Morocco [Dusar, 1948]) Ch. (Ch.) textoria delays its appear- 
ance in such facies until the Aalenian, when it is found com- 
monly in the Pea Grit Coral Bed of the Cheltenham area in as- 
sociation with abundant limid bivalves, brachiopods, 
bryozoa and corals. All museum specimens which are un- 
doubtedly derived from this horizon and locality exhibit the 
‘coarse” phenotype. The maximum height ıs 52 mm (BM 
L41973). The species is rare in Aalenıan chamosite oolites in 
Britain (Northampton Sand Ironstone) and $S. W. Germany 
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but in Lorraine numerous specimens are recorded, reaching a 
maximum height of 65 mm (NM). ‘Coarse’ and ‘inter- 
mediate’ phenotypes are approximately equally represented. 


In the Sauzei zone (L. Bajocıan) of Malancourt Quarry, 
near Metz (E. Paris Basin), Ch. (Ch.) textorıa occurs abun- 
dantly in a number of patch coral reefs and in the inter-reef 
biosparites and marls. In specimens collected by the author 
which are well enough preserved to allow plical counts to be 
made only one specimen of thirteen from the reef facies be- 
longs to the ‘intermediate’ rather than the ‘coarse’ phenotype. 
Conversely, of ten specimens from the inter-reef facies only 
one belongs to the ‘coarse’ rather than the “intermediate’ 
phenotype. The maximum height of the author’s specimens is 
50 mm but a museum specimen (NM) from the same area and 
horizon has a height of 74.5 mm. The associated fauna in both 
reef and inter-reef facies is dominated by the bivalves Ctenos- 
treon, Lopha, Lucina, Pseudolimea and Tvrichites, the 
brachiopods Cymatorhynchia, Flabellirhynchia, Lobothyris 
and Rugitela, the echinoids Hemicidaris and Pseudodiade- 
ma, the gastropod Bourguetia and serpulids and bryozoans. 
The coral genera /sastrea and Thamnasteria form the bulk of 
the reef masses (HarLam, 1975b). 


In the roughly contemporaneous Sowerbyi-Banke, a marly 
oolite in S. W. Germany, Ch. (Ch.) textoria is common and 
reaches amaximum height of 57 mm (GPIG). Of the eighteen 
specimens from this bed in the GPIG, fifteen exhibit the ‘in- 
termediate’ phenotype, two the ‘coarse’ and one the ‘fine’. A 
shell bed of approximately the same age (Concavum-Discites 
zones) at Bradford Abbas, near Sherborne, Dorset has 
yielded numerous examples of the ‘coarse’ phenotype of Ch. 
(Ch.) textoria up to a maximum height of 38.5 mm (BM 
L11559). The assocıated benthic fauna is diverse and includes 
the bivalves Trigonia and Astarte together with the gas- 
tropods “Alaria’, ‘Cerithium’, ‘Purpurina’ and ‘Spinigera’ 
and the brachiopod ‘Terebratula’ (WooDwarn, 1894). 

In the U. Bajocıan of the Cotswolds Ch. (Ch.) textorıa is 
common in the Upper Coral Bed (Parkinsoni zone) in associ- 
ation with the reef-inhabiting pectinids Spondylopecten (S.) 
palinurus and S. ($.) cardinatus. Of the museum specimens 
which are certainly derived from this horizon only one (BM 
141968) exhibits the “intermediate’ rather than the ‘coarse’ 
phenotype. 

The ‘coarse’ phenotype of Ch. (Ch.) textoria is quite 
common (author’s collection) in a coral bed inthe M. Batho- 
nian of the Carriere de Campagnettes (Normandy). The 
bivalves Lithophaga, Plagiostoma, Trigonia and Vaugonia 
and the brachiopod Moorellina make up the majority of the 
associated fauna (T. Palmer, 1974). A similar coral bed in In- 
dre, where $. ($.) palinurus ıs an additional faunal element, 
also contains the ‘coarse’ phenotype of Ch. (Ch.) textorıa 
(J.-C. FiscHEr, 1964). 


In the U. Bathonıan of Normandy the ‘coarse’ phenotype 
occurs quite commonly between sponge fronds in the reef- 
like structures exposed at St. Aubin. The maximum height is 
50 mm (author’s collection) and the most abundant elements 
of the associated fauna are the sponges Platychonıa and Lim- 
noria, the bivalve Plagiostoma, the brachiopod Moorellina 
and ectoprocts and serpulid worms (T. Parmer, 1974). Ch. 
(Ch.) textoria is rare outside coralliferous or spongiferous 
deposits in the Bathonian. 


The only common occurrence of Ch. (Ch.) textoria in the 
Callovıan is in the Clylenısh Quarry Sandsone (Lamberti 
zone, E. Scotland) where the majority of specimens exhibit 
the “intermediate’ phenotype. The maximum height attained 
is 67 mm (BM L20601). Most of the remaining few Callovian 
records (see Section 5) seem also to be from arenaceous facıes. 
However, specimens described by Durr (1978) from the 
bituminous shales of the L. Oxford Clay (Coronatum zone) 
in England (BM LL27724-8) may constitute a record of Ch. 
(Ch.) textoria (‘fine’ phenotype) from argillaceous facies (see 
Section 4). The maximum height of Durr’s specimens is 
9.7 mm. 


In the Oxfordıan, Ch. (Ch.) textoria is common in de- 
posits of the Plicatilis zone in Oxfordshire and in Yorkshire, 
where the species reaches a maximum height of 82 mm 
(YM 570). According to Arkzıı (193la) specimens from 
coral patch reefs generally exhibit the ‘coarse” phenotype 
while those from inter-reef oolites and biosparites show the 
“intermediate’ phenotype. In the succeeding Transversarıum 
zone deposits in Yorkshire (Coral Rag), examples of the 
‘coarse’ phenotype (author’s collection) are associated with 
almost in sıtu coralsat Whitewall Corner Quarry, near Mal- 
ton (assoc. fauna p. 157). In the Ringstead Coral Bed 
(Pseudocordata zone) both ‘coarse’ and “intermediate’ 
phenotypes are found but the former become relatively more 
common to the east, paralleling an increase in the abundance 
of corals (Fürsıch, 1976). There are no records of Ch. (Ch.) 
textoria from the Oxfordian part of the Oxford Clay. 


The ‘coarse’ phenotype is quite common in the Oxfordian 
coral reefs developed in the Swiss Jura (DE Lorıor, 1893) and 
the Yonne (MNP, assoc. fauna, p. 88). At least in the latter 
area specimens exhibiting the “fine” phenotype (reaching a 
maximum height of 46 mm [MNP]) are also quite common ın 
non-reef biomicrites. The “intermediate’ phenotype is absent 
from both areas. 


Ch. (Ch.) textoria does not appear to be common else- 
where in the Oxfordıan. 


In the marly limestones of the Baden Beds (Kimmeridgian) 
in the Swiss Jura “intermediate’ phenotypes of Ch. (Ch.) tex- 
toria are quite common (DE Lorıor, 1878). Only seven of the 
nineteen museum specimens (GPIT [14], GPIG [4], BSPHG) 
which are undoubtedly derived from similar facies in the 
U. Jurassic of the Swabian Jura exhibit this phenotype (Hnax: 
39, GPIT). The remainder is made up of specimens displaying 
the fine’ phenotype (Hmax: 36, BSPHG). Both the “inter- 
mediate’ (Dorırus, 1863) and ‘coarse’ (DE LorıoL and PELLAT, 
1875) phenotypes are recorded from clays in the Kimmerid- 
gian ofthe Boulonnais but the numbers are indeterminate and 
probably small. 


Ch. (Ch.) textoria is recorded from Kimmeridgian coral- 
liferous facies in Franconia (BorHnm, 1881a) and the Jura 
(CoNTEJEAN, 1859; THURMANN and EraLLon, 1862) but is un- 
known at La Rochelle. In the L. Tithonian reef complex at 
Neuburg (assoc. fauna, p. 88) the species is common 
(Yamanı, 1975). ‘Coarse’ and “intermediate’ phenotypes ap- 
pear to be about equally frequent but the ‘fine’ phenotype is 
represented by only two specimens. By contrast,of the eleven 
museum specimens (GPIT [9], BSPHG [2]) derived from 
L. Tithonian reef complexes elsewhere in $. Germany fully 
six exhibit the ‘fine’ phenotype. The remainder is made up of 


three ‘coarse’ and two “intermediate’ phenotypes. GEMMEL- 
raro and Dı Brası (1874) record seven specimens of 
Ch. (Ch.) textoria from contemporaneous coralliferous 
facies in Sicily of which sıx exhibit the ‘coarse’ and one the ‘in- 
termediate” phenotype. BoEHM (1883) records 60 representa- 
tives of the ‘coarse’ phenotype from U. Tithonian reef lime- 
stones at Stramberg. Only one example of the ‘intermediate’ 
(BSPHG) and none of the ‘fine’ phenotype are known from 
this horizon and locality. In other Tithonian reef facies in 
Languedoc (Yın, 1931) and the Maritime Alps (Kırıan and 
Gu£sHarD, 1905) Ch. (Ch.) textoria is represented solely by 
the ‘coarse’ phenotype. However in Isere (FAURE-MARGUERIT, 
1920) the ‘fine’ phenotype seems also to be present. 


STAESCHE (1926) reports common examples of the ‘coarse’ 
phenotype from the Brenztaloolith, an oolite passing laterally 
into coral/Diceras facies in the L. Tithonian of S. W. Ger- 
many. A single specimen from the ‘Portlandian’ of the Yonne 
(DEcHAsEAux, 1936) ıs the only record of Ch. (Ch.) textoria 
from any horizon in the Jurassic where the associated fauna 
(in this case an abundance of Cyrena and Corbula [Arkeıı, 
1956]) ıs indicative of reduced salınity. 


8. INTERPRETATION OF ECOLOGY 


The strong correlation, apparent from Section 7, between 
the occurrence of the ‘coarse’, “intermediate’ and ‘fine’ 
phenotypes and the existence of respectively reefs, non-reefal 
arenites and argillaceous sediments is the basıs for considering 
that the majority of the varıation exhibited by Group 3 
(p. 161) is ecophenotypic and is concordant with the view 
that all members of Group 3 belong to the same species, Ch. 
(Ch. textoria. The lack of a strict phonotypefacies corres- 
pondence does not necessarily weaken the grounds for this 
dual hypothesis since there is no reason to suppose that the 
boundaries of the phenotypes, arbitrarily defined at the out- 
set, should agree perforce with the limits of variation in each 
facies. 


The relatively large number of ‘intermediate’ phenotypes at 
Neuburg may merely reflect the development of inter-reef 
arenites while the high proportion of ‘fine’ phenotypes from 
other reef complexes in S. Germany may simply reflect the 
development of inter-reef argillites. It is also not unreasonable 
to suggest that the numerous examples of the ‘coarse’ 
phenotype in the Brenztaloolith are derived from nearby 
reefs. However, derivation from reefs is an implausible expla- 
nation for the high proportion of ‘coarse’ phenotypes ın the 
Aalenıan of Lorraine. The nearest reefs are apparently some 
250 km away, ın Nievre (Arkerı, 1956). Furthermore the ex- 
clusive occurrence of the ‘coarse’ phenotype in the Bradford 
Abbas Fossil Bed ıs not matched by the presence of a recf- 
derived fauna. Similarly there is no evidence of nearby sand- 
grade sediments to explain the exclusive occurrence of the ‘in- 
termediate’ phenotype in the Baden Beds. It may be however 
that some environmental variable which is itself only loosely 
related to sedimentary facies is the real determinant of the 
phenotype adopted by Ch. (Ch.) textoria. Thus, until such 
time as their environments are more fully characterised and 
shown to be indistingushable from those of sediments con- 
tainıng the ‘normal’ phenotype for the facies, these few excep- 
tions imply no need to assume that morphology is not con- 


trolled by the environment nor do they require rejection of 
the single species hypthesis advanced on p. 161. 


An example illustrating the need for detailed facies analysis 
is provided by the reef-like stuctures at St. Aubin, colonised 
by examples of Ch. (Ch.) textoria exhibiting the ‘coarse’ 
phenotype. The vertical elongation of the sponge masses sug- 
gests that an upstanding framework existed and since such 
was undoubtedly the case in most coral accumulations con- 
tainıng the ‘coarse’ phenotype it is tempting to attribute the 
development of the ‘coarse’ phenotype to this factor. How- 
ever, closer analysis of the sediments at St. Aubin indicates 
that the sponge masses had a relief of no more than a few cen- 
timetres above the sea bed and that their vertically elongated 
shape is the result of upward growth to keep pace with 
sedimentation (T. J. PALMER, pers. comm., 1978; see also T. 
Paımer and FürsıcH [1981]). It therefore seems more likely 
that the development of the ‘coarse’ phenotype is due to 
growth in a partially enclosed habitat (see Section 9). This ex- 
planation incidentally also obviates the need to make the as- 
sumption, implicit thus far but possibly invalid in the cases of 
the Ringstead and Campagnettes Coral Beds, that coral ac- 
cumulations which themselves had little palaeo-relief but 
which contain the ‘coarse’ phenotype of Ch. (Ch.) textoria 
were derived from unexposed structures of genuine reefal di- 
mensions. 


The fact that in roughly contemporaneous samples from 
each of the Sinemurian and Toarcıan, individuals with the 
‘fine’ phenotype attain a larger sıze than those with the inter- 
mediate phenotype, provides strong support for the view (see 
p- 163) that variation in the number of plicae is an adaptive re- 
sult of developmental flexibility. Tho only case where stunt- 
ing may yet be invoked is for the very small, finely or- 
namented and questionably conspecific specimens from the 
L. Oxford Clay. Here the small sıze and low diversity of the 
associated benthic faunal elements (Durr, 1975) suggests that 
conditions were unfavourable for growth, probably asaresult 
of low oxygen tension. 


The absence of Ch. (Ch.) textoria from deep water pelagic 
limestones in the M. and U. Jurassic of the peri-Mediterra- 
nean region indicates that soupy substrates were not accept- 
able. However, the occurrence of the species in the U. Toar- 
cıan ofSwabia, where the reduced density and diversity ofthe 
benthic fauna is probably the result of sediment instability, 
signifies at least some tolerance in this direction. 


Apart from restrictions imposed by soft substrates, low 
oxygen tension and reduced salinities Ch. (Ch.) textoria 
seems to have been a remarkably eurytopic species. However, 
facies which were colonised at one time were not always oc- 
cupied at another. 


The absence of the species from reefal facies in the 
U. Pliensbachian of Morocco may perhaps be explained by 
competitive inferiority to the essentially Tethyan bivalves 
Pseudopecten (Ps.) dentatus, Ps. (Ps.) veyrasensis, Lithiotis 
and Pachyrısma which occur there. 


The invocation of competitive inferiority, in this case to 
Radulopecten vagans and R. fibrosus, also goes a long way 
towards explaining the localised distribution of Ch. (Ch.) 
textoria ın suitable shallow water facies at later horizons in the 
Jurassic. The rarity of the species in anything but coralliferous 
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and spongiferous deposits in the Bathonian is matched by a 
corresponding abundance of R. vagans while the rarity of 
Ch. (Ch.) textoria in Callovian sands and L. Oxfordian 
biosparites in Yorkshire, some M. Oxfordian oolites and bio- 
sparites in Oxfordshire, and in the M. and U. substages of 
the Oxfordian in Dorset is paralleled by the frequent occur- 
rence of R. fibrosus. However, the restrieted occurrence of 
Ch. (Ch.) textoria in U. Jurassic argillaceous sediments, 
which contrasts markedly with its even distribution in such 
facies in the Lias, is not readily explicable by a competitive 
reaction and seems to imply an evolutionary reduction in tol- 
erance. It is tempting to relate this to the species population 
size bottle-neck which must have accompanied the reduction 
in geographic range and patchy distribution of Ch. (Ch.) tex- 
toria in the Toarcian and Aalenıan (see Sections 5, 6). 

The rarity of the species in U. Pliensbachian ironstones in 
England and similar facies in the Aalenian of England and 
Germany cannot be explained by competitive inferiority oran 
evolutionary reduction in tolerance since almost identical sed- 
iments with acomparable fauna in the Sinemurian of England 
and the Toarcıan and Aalenian of France contain numerous 
examples of Ch. (Ch.) textoria. Neither can these factors be 
invoked to account for the absence of the species from 
U. Pliensbachian sands in England since comparable facies 


were colonised by the species in the Sinemurian and Callovian. 


At present no alternative explanation for these anomalous ab- 
sences is available. Likewise no plausible explanation can be 
offered for the lack of Ch. (Ch.) textoria ın coral patch reefs 
at La Rochelle. An appeal to the exceptionally high density of 
these reefs, such as has been made to account for the corres- 
ponding rarity of the reef-inhabiting species Spondylopecten 
subspinosus (see p. 88) is ruled out by the fact that Ch. (Ch.) 
textorıa occurs abundantly in similarly dense structures at 
Malancourt. 

Disregarding those times when the lack of a particular 
phenotype is merely the result of the inability of Ch. (Ch.) 
textoria to colonise the relevant facies (see above) the rarity of 
the ‘coarse’ phenotypeintheL. Jurassic and Callovian, of the 
“intermediate’ phenotype in the L. Pliensbachian and of the 
“fine’ phenotype in the M. Jurassic can be attributed to the 
poor development of respectively ‘reefs’, non-reefal arenites 
and argillaceous sediments at these times. The lack of the ‘in- 
termediate’ phenotype in the Oxfordian of the Yonne has yet 
to be explained. Appropriate facies were apparently well de- 
veloped (M£cnıen et al., 1970). 


9. FUNCTIONAL MORPHOLOGY 


The moderate to large byssal notch of Ch. (Ch.) textoria 
indicates that the species was byssally attached for at least the 
earlier parts of ontogeny. The maximum height of 93.5 mm 
(GPIT 2-92-3) in the ‘coarse’ phenotype is comparable to that 
in the close morphological analogue Gloripallium pallium, a 
Recent species which remains byssate beneath coral heads 
throughout ontogeny (Water, 1972b). The maxımum 
height of 80 mm (YM 570) attained by the “intermediate’ 
phenotype is not approached by any Recent morphological 
analogue although Ch. varia, an ecological analogue, ıs 
known to reach a height of 63.5 mm (TessLE, 1966) and to 
remain byssate throughout ontogeny (SOEMODIHARDJO, 1974). 
The maximum height of 73.5 mm in the ‘fine’ phenotype ıs 


exceeded by the Recent morphological analogue. Ch. island- 
ica (WıBoRG, 1963) but it is not clear whether byssal attach- 
ment is maintained at these sızes. 


The reduced convexity and ornament of the right valve ın 
Ch. (Ch.) textoria is paradigmatic for tight fixation during at 
least some periods in life. 


Allthree of the above analogues are reported to be capable 
of swimming although Ch. islandica seems to be more profi- 
cient than the others. 


The larger plical amlitudes of Ch. (Ch.) textorta ın organıc 
build-ups almost certainly conferred greater strength on the 
shell and may therfore have been developed as part of a ‘siege’ 
policy towards predators. The more strongly developed com- 
arginal lamellae on the left valve could have contributed to 
such a policy by gripping the substrate and preventing extrac- 
tion from crevice type microhabitats, in much the same way as 
short spines prevent extraction of the Recent species Ch. dieff- 
enbachi from sponges (Beu, 1966). The low plical amp- 
litudes, smaller comarginal lamellae and lower H/UA ratios 
of Ch. (Ch.) textoria in argillaceous sediments would have 
increased streamling and thrust/weight ratio, and hence 
swimming ability, and may therefore have been developed in 
line with a fugitive’ policy towards predators. It is however 
diffieult to account in these terms for the development of an 
intermediate morphology in arenaceous facies save as ameans 
of facilitating a joint ‘siege’/‘fugitive’ policy. Indeed, while 
detracting from a “fugitive’ policy, the relatively large comar- 
ginal lamellae of forms from arenaceous compared to argil- 
laceous facies could have done nothing to enhance a ‘siege’ 
policy in the lack of an enclosed habitat. Moreover there is no 
a priori reason, except perhaps in the case of organic build- 
ups, why different policies towards predators should have 
been adopted in each facies. A completely different order of 
explanation for the relationship between phenotype and facies 
in Ch. (Ch.) textoria may therefore be required. Camou- 
flage, relating to the ‘grainsize’ of the substrate, seems the 
most likely alternative. 


10. ORIGINS AND EVOLUTION 


Since Ch. (Ch.) textoria is known from the lowest zone ın 
the Jurassic its origins probably lie in the Triassic. Two 
specimens (BM unnumbered; L705, Pl. 8, Fig. 4) from the 
Muschelkalk of S.W. Germany appear to be within the 
phenotypic range of Ch. (Ch.) textoria and may therefore in- 
dicate that the species was in existence in the M. Triassic. 
StarschE (1926) has suggested that Ch. reticulata 
(SCHLOTHEIM), a species from the same horizon, may have 
been the ancestor while DrcHastaux (1936) has proposed 
‘Pecten’ tenuistriatus MUNsTer for the same role. The latter 
author cites two species from the Cretaceous, Ch. Goldfussi 
(Deshayes) and Ch. Archiaciana (D’Orsıcny), as possible de- 
scendants of Ch. (Ch.) textoria. 

Maximum height appears to undergo a random oscillation 
from the Sinemurian (53 mm) to the L. Pliensbachian (73.5 mm) 
to the U. Pliensbachian (88 mm) to the Toarcian (73.5 mm) to 
the Aalenian (62 mm) to the Bajocian (74.5 mm) to the 
Bathonian (50 mm) to the Callovian (67 mm) to the Oxfordian 
(82 mm) to the Kimmeridgian (72 mm; Dollfus, 1863) to the 
Tithonian (93.5 mm); GPIT 2-92-3). 
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Text fig. 158: Chlamys (Ch.) valoniensis — height/length. 


Chlamys (Chlamys) valoniensis (Derrance 1825b) 


1825b 
? 1838 
1838 
?pv” 1851 
? 1855 
v* 1858 
v*? 1858 
1860 
? 1860 
? 1860 
? 1860 
? 1860 
1864 
(?) 1865 
(?) 1865 


1866 


Pl. 9, Figs. 1-6; text figs. 158-166 


Synonymy 


Pecten Valoniensis sp. nov; DEFRANCE, p. 507, 
pl. 22, fig. 6. 

Pecten lugdunensis sp. nov; MICHELIN in LEY- 
MERIE, p. 346, pl. 24, fig. 5. 

Pecten Valoniensis DEFRANCE; LEYMERIE, p. 368, 


pl. 24, fig. 6. 

Pecten acutauritus sp. nov; SCHAFHÄUTL, p. 416, 
pl. 7, fig. 10. 

Pecten dispar sp. nov; TERQUEM, p. 323, pl. 23, 
fig. 6. 


Pecten cloacınus sp. nov; (QUENSTEDT, p. 31, 
pl. 1, figs. 33, 34. 

Pecten disparilis sp. nov; QUENSTEDT, p. 47, 
pl. 4, figs. 8, 9. 

Pecten Falgeri MERIAN; STOPPANI, p. 76, pl. 14, 
fig. 3. 

Pecten janırıformis sp. nov; STOPPANI, p. 76, 
pl. 14, figs. 4-6. 

Pecten aviculo:ides sp. nov; STOPPANI, p. 77, pl. 14, 
fig. 7. 

Pecten barnensis sp. nov; STOPPANI, p. 78, pl. 15, 
fig. 2. 

Pecten Winkleri sp. nov; STOPPANI, p. 78, pl. 15, 
fig. 4. 

Pecten valoniensis DEFRANCE; DUMORTIER, p. 58, 
pl. 9, figs. 1-6, pl. 10, figs. 1-3. 

Pecten dispar TERQUEM; TERQUEM and PIETTE, 
p- 103. 

Pecten lugdunensis MICHELIN; TERQUEM and 
PIETTE, p. 104. 

Pecten Falgeri MERIAN; CAPELLINI, p. 479, pl. 5, 
figs. 14-19. 


? 1866 
? 1866 
v*? 1866 
v* 1866 
1868 
1878 
1886 
1903 
1903 

? 1903 
(2) 1904 


1905 
1907 


(2) 1907 
1909 


1929 


(2) 1929 


Pecten aviculoides STOPPANI; CAPELLINI, p. 480, 
pl. 5, figs. 20-23. 

Pecten janırıformis STOPPANI; CAPELLINI, p. 480, 
pl. 6, figs. 1-3. 

Pecten Etheridgii sp. nov; TAWNEY, p. 81, pl. 3, 
fig. 4. 

Pecten Suttonensis sp. nov; TAWNEY, p. 81, pl. 3, 
fig. 3. 

Pecten valonıensis DEFRANCE; JAUBERT, p- 260. 
Pecten (Chlamys) Uhligi sp. nov; GEMMELLARO 
and Di BLAsı in GEMMELLARO, p. 394, pl. 30, 
figs. 8, 10. 

Pecten valoniensis DEFRANCE; WINKLER, p331. 
Pecten (Chlamys) waloniensis DEFRANCE; 
BISTRAM, p. 36, pl. 3, fig. 3. 

Pecten (Chlamys) dispar TERQUEM; BISTRAM, 
p- 36, pl. 3, fig. 3. 

Pecten (Chlamys) Falgeri MERIAN; BISTRAM, 
P-37, pl.3, fıg. 1. 

Chlamys cf. dispar (TERQUEM); COSSMANN, 
p- 504. 

Pecten valoniensis DEFRANCE; H. ALLEN, p- 172. 
Pecten (Chlamys) valoniensis DEFRANCE; JOLY, 
p- 24. 

Pecten (Chlamys) dıspar TERQUEM; JOLY, p. 75. 
Pecten (Chlamys) Valoniensis DEFRANCE; 
TRAUTH, p. 91. 

Pecten cf. valoniensis DEFRANCE; DUBAR, p. 257. 
Chlamys acutaurita (SCHAFHÄUTL); STAESCHE, 
p- 27, pl. 2, fig. 4. 

Chlamys valoniensis DEFRANCE; ROMAN, p. 105. 
Pecten (Chlamys) valoniensis DEFRANCE; LAN- 
QUINE, p. 60. 

Pecten (Chlamys) janiriformis STOPPANI; LAN- 
QUINE, p. 60, pl. 1, fig. 4. 

Pecten (Chlamys) Falgeri MERIAN; LANQUINE, 
p- 60. 


1936 Pecten (Chlamys) Valoniensis DEFRANCE; DECHAS- 
EAUX, p. 27. 
(?) 1936 Pecten (Chlamys) dispar TERQUEM; DECHASEAUX, 
P: 27. 
1945 _ Chlamys valoniensis (DEFRANCE); VECCHIA, p. 6. 
(?) 1945 Chlamys falgeri (MERIAN); VECCHIA, p. 7. 
1950 _ Chlamys valoniensis (DEFRANCE); ROMAN, p. 25. 


2? 1951 Pecten sp; TROEDSSON, p. 140. 

1953 _ Chlamys valoniensis (DEFRANCE); MOUTERDE, 
pp. 311, 313, 337. 

1968 Chlamys waloniensis (DEFRANCE); \VOBBER, 
p. 306. 

1973 Chlamys (Chlamys) dispar (TERQUEM); LENTINI, 
p- 24, pl. 14, figs. 8, 9, ?pl. 14, fig. 10; pl. 15, figs. 
1,2435: 


1975 Pecten acnteauritus SCHÄFHAUTL; MORBEY, text 
fig. 2. 


The type material of Pecten Valoniensis Dr- 

FRANCE 1825b, p. 507, pl. 22, fig. 6 (originally 
housed in Caen, France) was destroyed in 
the Second World War. Mr. P. Hopces 
(University College of Swansea) has obtained 
topotype material from the Calcaire de 
Valognes (Hettangian) of Normandy with 
the intention of designating a neotype. 
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Text fig. 159: Chlamys (Ch.) valonıensis — height/umbonal angle. 


1. ORIGINAL DIAGNOSIS AND DESCRIPTION 


None given. 


2. DIAGNOSIS 


Distinguished from both Ch. (Ch.) pollux and Ch. (Ch.) 


textoria by the lack of ornament on the plicae. 


3. DESCRIPTION 


Disc sub-ovate, higher than long, early in ontogeny, be- 
coming sub-orbicular (text fig. 158) near maximum height of 
77 mm (ENSM). Umbonal angle variable (text fig. 159), in- 
creasing during ontogeny to produce slightly concave dorsal 
margins. Disc flanks moderately high and ornamented with 


vertical striae. 


Slightly inequilateral, posterior sector somewhat larger; ın- 
equivalve, left valve moderately convex, right valve almost 
flat. 

Intersinal distance greater in left valve than right, increasing 
ata decreasing rate in both (text figs. 160, 161). Depth of bys- 
sal notch variable, moderate to large (text fig. 162). 


Auricles well demarcated from disc, approximately equal in 
size. Anterior auricles meeting hinge line at an acute angle; 
posterior auricles meeting hinge line at an obtuse angle. An- 
terior auricle of right valve meeting disc at an acute or right 
angle; remaining auricles meeting disc at an acute angle. An- 
terior auricles bearing 4-6 radial costae. 


Height of anterior auricle and lengh of anterior hinge in- 
creasing at a markedly decreasing rate (text figs. 163, 164). 
Length of posterior hinge increasing with similar but less 
marked allometry (text fig. 165). 
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Text fig. 160: Chlamys (Ch.) valoniensis — intersinal distance on left valve/length. 
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Text fig. 161: Chlamys (Ch.) valoniensis — intersinal distance on right valve/length. 


Both valves bearing a variable number of radial plicae 
(Pl. 9, figs. 1-6), increasing in number by intercalation from 
between 20 and 30 early in ontogeny. Right valve with 31-36 
atL:20, about 39 at L: 40, about 49 at L: 60, up to amaxımum 
of52 at L:67.5 (ENSM). Left valve with 36—45 at L: 20, 44-65 
at L: 40, 52-72 at L: 60, up to a maximum of 79 at L: 68 
(ENSM). 


Shell thickness moderate. 


4. DISCUSSION 


The original figure of ‘Pecten’ Valoniensis DErRANCE ıs a 
poor reproduction of an internal view of a left valve. Metric 
proportions (1) plot within the range of the species described 
in Section 3 and Leymekrıe (1838) and Dumorrier (1864), both 
French authors who may have had access to the type material, 
have applied the name to figured specimens which undoubt- 
edly belong to the latter species. Bearing this in mind and the 
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Text fig. 163: 


fact that the horizon of derivation (Calcaire de Valognes) is 
one from which numerous examples of the species described 
in Section 3 have been recovered (see Section 7), DEFRANCE’S 
name can be confidently applied as senior synonym to the lat- 
ter species, despite the lack of diagnostic features in the origi- 
nal figure. Mr. P. Hopces will shortly be designating a 
neotype (see above). 


The original figure of ‘P.’ Iugdunensis MICHELIN is very rem- 
iniscent of Pseudopecten (Ps.) equivalvıs (q. v.). However, 
Duworrier (1864), who appears to have examined the type 
material, has stated that MicHELin’s species is in fact equival- 
entto Ch. (Ch.) valoniensis and this view has been taken by 
later authors (e. g. STAESCHE, 1926) who may also have ex- 
amined the type material. The anomalously low number of 
plicae in the right valve (25 at L: 45.5) and the high Ip/L (2) of 
the original figure in comparison to Ch. (Ch.) valoniensis 
might be the result of respectively, preservation as an internal 
mould and inaccurate illustration. In view of the somewhat 


Chlamys (Ch.) valoniensis — height of anterior auricle/length. 


equivocal position of MicHELin’s species, TERQUFM and Pıer- 
re’s (1865) unillustrated record of ‘P.’ Iugdunensis can only 
tentatively be placed in synonymy. 

The original figure of ‘P.’ acutanritus SCHAFHAUTL seems to 
depict an abraded specimen of Ch. (Ch.) valoniensis and 
what ıs apparently one of ScHarHAutL’s syntypes (BSPHG; 
AS IX 42; Pl.9, Fig. 3) undoubtedly belongs to the latter 
species. Metric proportions of the original figure (3) are in- 
separable from Ch. (Ch.) valoniensıs. 

The original figure of ‘P.’ dispar TERQUEM depicts a right 
valve with 41 plicae at L: 42 which has resemblances to both 
Ch. (Ch.) valoniensis and Ch. (Ch.) textoria. The specimen 
referred to TErQuew’s species by Bısrram (1903) undoubtedly 
belongs in Ch. (Ch.) valoniensis and all but one (pl. 14, 
fig. 10, which has imbricate lamellae and is thus closer to Ch. 
(Ch.) textoria) of Lenrinv’s (1973) examples of Ch. (Ch.) dis- 
par are similarly referable. However, in view of the fact that 
TErourw’s original figure has an abnormally high I,/L and 


AH/L (4) some doubt must remain as to his hypodigm until 
the type material is located. With the possibility of confusion 
unillustrated records of TErouEM’s species in TERQUEM and 
PıETTE (1865), Cossmann (1904), Jory (1907) and DECHASEAUx 
(1936) can only tentatively be placed in synonymy. 


It has proved impossible to trace the original reference to 
‘P.’ Falgeri Merian. Specimens figured under this name by 
Sropranı (1860) and Careruinı (1866) are clearly representa- 
tive of Ch. (Ch.) valoniensis but Bıstrau’s (1903) figure bears 
some resemblance to Pseudopecten (Ps.) equivalvıs. It is not 
clear which, if any, of these authors has examinedl the type 
material so the position of MERIAN’s species is uncertain. Con- 
sequently unfigured records of his species in LanQuine (1929) 
and VeccHıa (1945) can only be provisionally synonymised. 


The position of “P.’ janirıformis Srorranı ıs also in doubt. 
Although the original figure is available and resembles Ch. 
(Ch.) valoniensis, CareıLını (1866), who worked in the same 
field area (N. Italy) as Srorranı and who may have examined 
the latter’s type material, has applied his specific name to 
specimens which are closer to Ch. (Ch.) textoria. Whether or 
not they correspond to the original hypodigm for ‘P.’ 
janırıformis, specimens referred to this species by LanQuInE 
(1929) undoubtedly fall within the present author’s concept of 
Ch. (Ch.) valoniensis. 
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CareıLinı has also applied ‘“P.’ avicnloides Stopranı, a 
species founded on a fragment resembling Ch. (Ch.) val- 
oniensis, to a specimen which has closer affinities with Ch. 
(Ch.) textoria. With this uncertainty over the position of 
Sropranr’s species ‘“P.’ barnensis and ‘P.’ Winkleri, both of 
which show similarıties to Ch. (Ch.) valoniensis, are best 
treated as only provisional synonyms. 


The sole observed syntype of ‘P.’ cloacinus QUENSTEDT 
(GPIT 2-1-33; Pl. 9, Fig. 5) is indistinguishable from Ch. 
(Ch.) valoniensis by the number of plicae on the left valve (44 
at L: 36) and by metric proportions (5). The number of plicae 
in ‘P.’ Suttonensis Tawnev (sole observed type, IGS 7830; 
Pl. 9, Fig. 4) and ‘P.’ Uhligi GemmeLLARoO and Dı Brası has 
not been measured but appears to be within the range of Ch. 
(Ch.) valoniensis of comparable size. Metric proportions (6 
and 7 respectively) are indistinguishable from the latter 
species. 


‘P.’ sp.; TROEDssoN was compared with Ch. (Ch.) val- 
oniensis and in view of the horizon of derivation (Rhaetıc) ıt 
seems very likely to be a representative of this species. 

The ‘P.’ disparilis QUENSTEDT 
‘P.’ Etheridgü Tawney are discussed under Camptonectes 
(C.) subulatus. 


affınities of and 


80 


Text fig. 164: Chlamys (Ch.) valoniensis — anterior hinge length/length. 


5. STRATIGRAPHIC RANGE 


Ch. (Ch.) valoniensis ıs first recorded from the L. Rhaetic 
Westbury Formation of Glamorgan and Gloucestershire, 
where itiscommon. In the U. Rhaetic Lilstock Formation of 
the same area it is rare but records from the ‘Rhaetic’ of Lom- 
bardy (Storranı, 1860), Spezia (BM 114938), Provence 
(LAnguine, 1929), the Pyrenees (Dusar, 1925), Belgium (Jo- 
ıy, 1907) and Swabia (GPIG, GPIT) may include specimens 
from equivalent horizons as also may records from the 
‘Rhaeto-Lias’ of Spezia (CAperuinı, 1866) and Lombardy 
(VEccHIA, 1945). The species occurs almost throughout the 
type section of the Rhaetian in the Kendelbach Gorge, Aus- 
trıa (MorseEy, 1975). 


In the Jurassic Ch. (Ch.) valoniensis is known from the 
Planorbis zone (Hettangian) ın the Rhone Basın (DUMORTIER, 
1864; Roman, 1926), N. Italy (Bısrram, 1903) and S. Wales 
(Wosser, 1968). “Hettangian’ records from S. France 
(LEvMERIE, 1838; JAUBERT, 1868; Roman, 1950), E. France 
(DecHaAsEAaux, 1936) and N. W. France (DerrAnce, 1825b) 
probably also stem from this zone. The species is known from 
the Angulata zone of Bavarıa (WINKLER, 1886) but specimens 
recorded by TErquem and PıErTE (1865) from this horizon and 
from the Sinemurian in E. France are only possibly con- 
specific (see Section 4). There is however no reason to doubt 
the conspecific status of at least some of the specimens rec- 
orded by DecHaAseAux (1936) from the Sinemurian of Lor- 
raine. Since the latter is the latest stage-defined record of Ch. 
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Text fig. 165: Chlamys (Ch.) valoniensis — posterior hinge length/length. 


(Ch.) valoniensis it ıs doubtful whether ‘L. Lias’ records in 
GEMMELLARO (1878) and TraurH (1909) include any specimens 
from the L. Pliensbachian. 


6. GEOGRAPHIC RANGE 


Ch. (Ch.) valoniensis occurs widely in Europe (text 
fig. 166) but elsewhere is known only from one questionably 
conspecific specimen (BM L72864) from Iran. 


7. DESCRIPION OF ECOLOEN 


In the Westbury Formation (L. Rhaetic) Ch. (Ch.) val- 
oniensis occurs most abundantly in thin limestones contain- 
ing numerous examples of the bivalves Rhaetavicula contorta 
and Placunopsis alpına. It ıs however also found in car- 
bonaceous and pyritous shales containing, in addition to 
R. contorta and Pla. alpına, Eotrapezium, Lyriomorphia, 
Protocardia, Tutcheria and the gastropod ‘Natica’ (Ivımey- 


Cook, 1974). Ammonites are absent throughout the forma- 
tion and brachiopods, bryozoa, crinoids and corals are rare. 
In the overlying Lilstock Formation, where Ch. (Ch.) val- 
oniensis is rare (D. JoNEs, pers. comm., 1978) the fauna is 
even more reduced in diversity with Liostrea, Modiolus and 
Plagiostoma the only important molluscan elements. 


The number of specimens involved in other Rhaetic records 
is not clear but the species may well be common in N. Italy 
(see Sections 4, 5). The maximum height attained in the Rhae- 
tic ıs 63.5 mm (BM 50031). 


In the Hettangian of Glamorgan Ch. (Ch.) valoniensis ıs 
common in nearshore lıthoclast sands containing numerous 
bryozoa, brachiopods, and corals but few ammonites (Wos- 
BER, 1968). The species also occurs in thin clay interbeds but 
passing eastwards into a continuous offshore argillaceous se- 
quence containing a more diverse ammonite and bivalve fau- 
na, it becomes progressively rarer. 
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Text fig. 166: Chlamys (Ch.) valoniensis — European distribution. 


Ch. (Ch.) valoniensis ıs common in the Gresten Beds 
(L. Lias, Austria); littoral sands, shales and limestones bor- 
dering the Palaeozoic massıf of Bohemia and containing 
numerous examples of Ch. (Ch.) textoria and Psendopecten 
(TrauTtH, 1909). The species also occurs commonly (Hyax: 
77, ENSM) in the Calcaire de Valognes (Hettangian, Nor- 
mandy) which may represent a similar littoral facıes de- 
veloped at the margins of the Brittany massif. Ch. (Ch.) pol- 
lux ıs an associated faunal element (DumorTirr, 1864). 


DecHasEaux (1936) reports numerous examples of Ch. 
(Ch.) valoniensis from nearshore sands in the Hettangian of 
Lorraine. 


The species is not known to be common elsewhere in the 
L. Lias but the number of records from the Hettangian of 
S. France (see Section 5) suggests that it isby no means rare in 
the latter region. The stage is usually developed in limestones 
and marls overlying the Palaeozoic basement. Ch. (Ch.) pol- 
lnx and Psendopecten are also recorded (Roman, 1950; 
MOoUuTERDE, 1953). 


There are no records from the Hettangian of Portugal 
where the reduced diversity bivalve fauna (dominated by 
Isocyprina and mytilids) is indicative of abnormal salinity 
(BöHm, 1901). 
N. W. Germany are also lacking in Ch. (Ch.) valoniensis 
(HuckRIEDE, 1967). 


Similar facies in the Hettangian of 


8. INTERPRETATION OF ECOLOGY 


It is apparent from Section 7 that Ch. (Ch.) valoniensis 
favoured nearshore environments although in such situations 
both clay-grade and sand-grade substrates were colonised. 
Anaerobic conditions (pyritic and carbonaceous horizons ın 
the Westbury Formation) were apparently tolerable but mark- 
edly abnormal salinities (Lilstock Formation; Hettangian of 
Portugal and N. W. Germany) were not. The reduced diver- 
sity fauna of the Westbury Formation may be indicative of 
slightly reduced salinity (D. Jones, pers. comm., 1978) so the 
common occurrence of Ch. (Ch.) valoniensis could imply a 
measure of euryhalinity. However the absence of at least am- 
monites could merely be due to the shallow water deposi- 
tional environment thus eurytopy in Ch. (Ch.) valoniensis 
may extend no further than a tolerance of a variety of fully 
marine nearshore situations. 


The fact that in the Westbury Formation Ch. (Ch.) val- 
oniensis occurs most abundantly at horizons with the lowest 
faunal diversity is suggestive of an opportunistic adaptive 
strategy (LEvinTon, 1970). 


Co-occurrence of Ch. (Ch.) valoniensis and the closely re- 
lated species Ch. (Ch.) pollux indicates that even if there was 
any tendency for the species to compete, it was suppressed by 
niche partitioning. The latter may have been effected by the 
use of different byssal attachment sites (see Section 9 and p. 
187). 


9. FUNCTIONAL MORPHOLOGY 


The moderate to large byssal notch and low convexity right 
valve of Ch. (Ch.) valoniensis are adaptive for tight byssal 
fixation. However ontogenetic decrease in the relative length 
of the anterior auricle would have progressively reduced the 
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efficiency of the byssus so it is doubtful whether the species 
could have remained attached in the adult stage. 


The great majority of extant byssally attached pecuinids ap- 
ply the byssus to a hard substrate and there is no reason to 
suppose (cf. Ch. (Ch.) pollux) that Ch. (Ch.) valoniensis dif- 
fered from this practice. 

The relatively greater convexity of the left valve in Ch. 
(Ch.) valoniensis is paradigmatic for swimming. Ontogenetic 
increase in the umbonal angle probably served to maintain ef- 
ficient swimming in the adult stage. 

Intercalation of plicae is paradigmatic for the maintenance 
of shell strength and stiffness with increasing sıze. However, 
in view of the fact that many much larger pectinids do not ex- 
hibit plical intercalation it must be doubted whether this 
was its sole function in Ch. (Ch.) valoniensis. 


10. ORIGINS AND EVOLUTION 


No obvious ancestors for Ch. (Ch.) valoniensis present 
themselves in the Triassic. 


Within the species there appear to be no phyletic trends 
apart from an increase in maximum height from the Rhaetic 
(63.5 mm) to the Hettangıan (77 mm). 


The post-Planorbis zone decline of Ch. (Ch.) valoniensis ıs 
approximately correlated with the rise of Ch. (Ch.) textorıa 
and Psendopecten. However, the possibility of a causal con- 
nection in terms of competition is rendered unlikely by the 
fact of the co-occurrence of the former with each of the latter. 


Chlamys (Chlamys) pollux (D’Orsıcny 1850) 
Pl. 9, Figs. 7, 8; text fig. 167 


Synonymy 


v* 1850 Pecten Pollux sp. nov; D’ORBIGNY, v. 1, p. 220 

(BOULE, 1907, v. 2, p. 267, pl. 23, figs. 16, 17). 

1864  Pecten Pollux D’ORBIGNY; DUMORTIER, p. 65, 
pl. 10, figs. 11, 12, pl. 11, figs. 14. 

1876 Pecten pollux D’ORBIGNY; TATE and BLAKE, 
p- 362. 

1891 Pecten amphiarotus sp. nov; DI STEFANO, p. 62. 


1894 _ Pecten pollux D’ORBIGNY; WOODWARD, p. 360. 


non 1909  Pecten amphiarotus Di STEFANO; TRAUTH, p. 90, 
pl. 2, fig. 17. 
1936  Aequipecten pollux (D’ORBIGNY); DECHASEAUX, 
p- #1. 


1950 _ Chlamys Pollux (D’ORBIGNY); ROMAN, p. 25. 
1953 _ Pecten pollux D’ORBIGNY; MOUTERDE, p. 311. 
? 1973 Chlamys (Aequipecten) amalthea (OPPEL); LEN- 
TINI, p. 27, pl. 15, fig. 9 (non ÖPPEL sp.). 
1973 _ Chlamys (Aequipecten) cfr. Pollux (D’ORBIGNY); 
LENTINI, p. 27, pl. 16, fig. 1. 


Lectotype of Pecten Pollux D’Orsıcny 1850, 
v. 1, p. 220 designated herein; MNS 1591; 
figured BouL£, 1907, pl. 23, fig. 16; H: 35, 
EIIREIZANEAFAELNPFBEISITELAA:TZ 
PL: 24; Sinemurian, Pouilly (Cöte d’Or). 
Paralectotype; MNS 1591A; figured Boute, 
1907, pl. 23, fig. 17; also Sinemurian, Pouilly. 
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1. ORIGINAL DIAGNOSIS AND DESCRIPTION 


“Tres-belle expece ä grosses cötes in&gales, dont quelques- 
unes sont porvues de tres-longues pointes tubuleuses. Au- 
dessous de !’O. arcuata, ä Pouilly (Cöte d’Or).’ 


2. AMENDED DIAGNOSIS 


Distinguished from both Ch. (Ch.) textoria and Ch. (Ch.) 


valoniensis by the presence of long tubular spines. 


3. AMENDED DESCRIPTION 


Shape essentially similar to Ch. (Ch.) valoniensis. Differ- 
ing only by the somewhat larger H/UA, by the slight on- 
togenetic reduction in the relative size of the byssal notch and 
by the tendency for the anterior auricles to meet the hinge line 
at a right angle. 


Both valves ornamented with between 22 and 27 (usually 
24) rounded radial plicae. Those on right valve low, equal in 
size, and up to 50% bearing tubular spines up to 5 mm in 
length, set at intervals ofabout5 mm (Pl. 9, Fig. 7). Those on 
left valve markedly unequal in size, 5-7 being larger and bear- 
ing robust tubular spines up to 10 mm in length, spaced at in- 
tervals of about 10 mm (Pl. 9, Fig. 8). Spines absent from 
both valves at shell heights below about 10 mm. Sulci equal in 
width to plicae; both traversed by closely spaced fine comar- 
ginal striae. 


Hinge line of right valve bearing dorsally directed spines up 
to 5 mm in length, spaced at intervals of 2-3 mm. 


Shell thickness moderate. 
(BM 165791). 


Maximum height 53 mm 


4. DISCUSSION 


The two syntypes of ‘Pecten’ Pollux D’Orsıcny are both 
right valves, one of which (MNS 1591) is well preserved while 
the other (MNS 1591A) is somewhat abraded. The former is 
herein designated as lectotype. Although brief, D’OrsıGnY’s 


(1850) diagnosis and description could refer to no Sinemurian 
pectinid other than the species described in Section 3. There is 
consequently no doubt that the first taxonomically valid use 
of ‘P.” pollux was in 1850 (see ICZN Opinion 126) and that 
therefore D’Orsıcny’s species is the senior synonym for the 
species described in Section 3. 


Dı Sterano (1891) provided no illustration of ‘P.’ am- 
phiarotus but mention in the description of spines and un- 
equal plicae leaves little doubt that the species (from the 
L. Lias) is synonymous with Ch. (Ch.) pollux. 'TrautH’s 
(1909) misapplication of Dı STEFANO’s specific name is discus- 
sed under Pseudopecten (Ps.) dentatus. 


Since Lentini (1973) referred to 22 ‘ribs’ in his description 
of Ch. (‘Aequipecten’) amalthea (Ovrrı) his use of this 
specific name is undoubtedly outside Oprrı’s (1858) 
hypodigm (= Propeamussium (P.) pumilum). The figured 
specimen (from theL. Lias) appears to exhibit abraded spines 
and therefore may well be conspecific with Ch. (Ch.) pollux. 


5. STRATIGRAPHIC RANGE 


A few specimens of Ch. (Ch.) pollux are known from the 
uppermost Triasofthe N. Calcareous Alps (BSPHG). In Bri- 
tain the earliest records of Ch. (Ch.) pollux are from the 
White Lias (= pre Planorbis beds, lowermost Hettangian 
sensu Poor [1979]) of the Bristol area (BM L74405, 
1.7.7279, 177312, 177313, 178402). 


In Planorbis zone deposits Ch. (Ch.) pollux is known from 
a number of localities in England (Tare and Brake, 1876; 
WOODWARD, 1894) and is reported to be common in the 
Rhone Basın (DumorTIER, 1864). 


Roman (1950) reports common examples of Ch. (Ch.) pol- 
lux from undifferentiated Hettangian in the Rhone Basın and 
Dumorrier (1864), MoUTERDE (1953) and DECHASEAUX (1936) 
refer to indeterminate numbers of ‘Hettangian’ specimens 
from respecuvely Normandy, the Rhone Basın and the 
E. Parıs Basin. 


Text fig. 167: Chlamys (Ch.) pollux — European distribution. 


Sinemurian records are limited to seven specimens from the 
Rhone Basin (ENSM [5]; MNS 1591, 1591 A) and indetermi- 
nate numbers of specimens from the Bucklandi zone of Eng- 
land (Woonpwarn, 1894). 


It is very doubtful whether ‘L. Lias’ specimens of Ch. 
(Ch.) pollux (BM L1548; BSPHG; Dı Sterano, 1891; ?LEn- 
tını, 1973) are derived from horizons higher than the 


Sinemurian. 


6. GEOGRAPHIC RANGE 


Ch. (Ch.) pollux is unknown outside Europe. Within 
Europe the species occurs over a broad latitudinal range (text 
fig. 167) but is only known to be common in the Rhone Basın 
(Dumorrier, 1864; Roman, 1950) and Sıcily (Di Sterano, 
1891). This suggests a preference for warm waters (however 
see Section 8). 


7. DESCRIPTION OF ECOLOGY 


The common examples of Ch. (Ch.) pollux reported by 
Roman (1950) from the Hettangian of the Rhone are derived 
from marls containing the bivalves Ch. (Ch.) valoniensıis, 
Pseudopecten (Ps.) dentatus, Plicatula, Plagiostoma and Car- 
dinia together with crinoids and corals. 


Specimens from the White Lias of the Bristol area (see Sec- 
tion 5) are derived from fine grained limestones and are some- 
times associated with crinoid debris (e. g. BM L77279). 


8. INTERPRETATION OF ECOLOGY 


The limited available data suggests that Ch. (Ch.) pollux 
preferred low energy environments. The apparent rarity of 
the species in sediments indicative of such environments in 
N. Europe may be due to a dislike for relatively cool waters 
(see Section 6). Itmay however equally wellbe aconsequence 
ofthe relative rarıty of an, as yet unidentified, commensal or- 
ganısm (see Section 9). 


The co-oceurrence of Ch. (Ch.) pollux and the probable 
ancestor, Ch. (Ch.) valoniensis (also see p. 185), suggests 
that any competitive tendencies which the species may have 
had were suppressed by niche partitioning (see Section 10). 


9. FUNCTIONAL MORPHOLOGY 


The moderate to large byssal notch and only moderate 
adult size (Hmax: 53) of Ch. (Ch.) pollux suggest that the 
species was byssally attached through most, if not all, of on- 
togeny. The low convexity ofthe right valve suggests that Ch. 
(Ch.) pollux was tightly fixed. The existence of spines on the 
right valve is non-paradigmatic for such amode of life on hard 
substrates but is adaptive (providing additional purchase) for 
tight fixation on soft substrates. Since spines on therright valve 
and alarge byssal notch are present in Ch. dieffenbachi, aRe- 
cent species which lives within sponges (BEu, 1966) it may be 
that Ch. (Ch.) pollux was tightly attached to this or some 
other group of soft bodied organisms. 

The spinose ornament on the right valve of Ch. (Ch.) pollux al- 

most certainly did not act as an adaptation for a late ontogenetic re- 


elining phase either in the form of an anchor or as a device to prev- 
ent sinking into the sediment (see p. 83). The low environmental 
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energy and fairly firm substrates indicated by respectively, argil- 
laceous sediments and a diverse associated epifauna, would have 
created no need for either of the above adaptations. Spines on the 
left valve could have served no useful purpose for reclining in either 
of the above contexts. 


10. ORIGINS AND EVOLUTION 


Ch. (Ch.) pollux is almost certainly a descendant of Ch. 
(Ch.) valoniensis from which it differs significantly only by 
the reduced number of plicae and the presence of spinose or- 
nament. Since the adult number of plicae in Ch. (Ch.) pollux 
is roughly equivalent to the juvenile number in Ch. (Ch.) 
valoniensis, Ch. (Ch.) pollux may be neotenous with respect 
to this character. The evolution of spinose ornament cannot 
be explained by heterochrony in the absence of ancestral 
allometry and suggests therefore that speciation may well 
have infolved changes in the structural genome as well as 
the regulatory changes implied by neoteny. 


Since Ch. (Ch.) pollux appears to arıse within the geo- 
graphic range of Ch. (Ch.) valoniensis the possibility of sym- 
patric speciation cannot be ruled out. However, since there is 
no evidence that Ch. (Ch.) valoniensis ever attached itself to 
the soft-bodied organisms to which Ch. (Ch.) pollux was 
presumable restricted (see p. 185 and Section 9), the author 
can propose no means by which such sympatric speciation 
might have been effected (cf. Camptonectes (Camptochlamys) 
clathratus). 


Within Ch. (Ch.) pollux the detection of any definite 
phyletie changes in morphology ıs precluded by the paucity 
of specimens available for study. Maximum height may un- 
dergo a decrease in the passage from the Hettangian (53 mm; 
BM L65791) to the Sinemurian (35 mm; MNS 1591). 


Apart from the extinction of ahost organism (see Section 9) 
no plausible deterministic explanation is available to account 
for the post-Sinemurian extinction of Ch. (Ch.) pollux. 


Genus RADULOPECTEN Roıuıer 1911 


Type species. OD; Rortier 1911, p. 158; Pecten bemicos- 
tatnus Morris and Lvcetr 1853, p. 10, pl. 1, fig. 16; Great 
Oolite (Bathonian), Minchinhampton, Gloucestershire. 


DIAGNOSIS 


Between 4 and 15 initial radial plicae, bearing comarginal 
lamellae at all stages of ontogeny on left valve but only ın later 
stages of ontogeny or not at all on right valve. 


Stratigraphic range; Jurassic (Aalenian-Tithonian). Geog- 
raphic range; Europe, Asıa, Africa, ?North and Central 
America. 


DISCUSSION 


Since all the Jurassic pectinid species which come under the 
Treatise definition of Chlamys (see p. 161) but which do 
not belong to Ch. (Chlamys) seem to form a monophyletic 
group they are usefully accorded a generic distinction from 
Chlamys. The name Radulopecten has been previously ap- 
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plied at the subgeneric level (e. g. Arkeıı, 193l1a; Cox, 1952; 
Durr, 1978) to certain members of this group and it is herein 
adopted, with a revised diagnosis (see above), as the generic 
name for the complete group. 


Within Radulopecten seven groups may be distinguished 
on the following basis: 


1. Left valve lacking plicae early in ontogeny but bearing 
about 25 radial striae of which initially between 4 and 14 
develop into equal sized plicae (= R. vagans). 

2. Left valve lacking plicae early in ontogeny but bearing 
about 40 radial striae of which initially about 15 develop 
into equal sized plicae (= R. varians). 

3. Left valve lacking plicae early in ontogeny but bearing 
between 60 and 75 radial striae of which usually between 
5 and 8 develop into equal sized plicae (= R. strictus). 

4. Plicae present at earliest ontogenetic stages, increasing 
in number by intercalation. Usually one less plica on 
right valve than left; latter bearing between 10 and 13 
equal sized originals (= R. fibrosus). 

5. Plicae present at earliest ontogenetic stages, increasing 
in number by intercalation and accompanied by radial 
striae. Usually one more plica on right valve than left; 
latter bearing between 8 and 11 equal sized originals 
(= R. scarburgensis). 

6. Plicae present at earliest ontogenetic stages, rarely in- 
creasing innumber by intercalation. 11 equal sızed orig- 
inal plicae on left valve, 12 on rıght; ornamented with 
conical spines (= R. sigmaringensis). 

7. Plicae arising early in ontogeny. Between 5 and 9 un- 
equal initial plicae, rarely increasing in number by inter- 
calation but accompanied by radial striae (= R. in- 
equicostatus). 


Since the stratigraphic ranges of Groups 1 and 2 have little 
or no overlap it is conceivable that the supposed evolution of 
the latter from the former occurred without splitting. How- 
ever since the morphological distance between the groups is 
quite large and there appear to be no intermediates, the groups 
are treated as separate lineages for reasons of convenience. 
Similar reasoning applies to the separation of the undoubtedly 
related Groups 5 and 6. 


Groups 4, 5 and 7 tend to be restricted to particular facies 
(respectively; arenaceous, argillaceous and coralliferous) and 
since there ıs considerable overlap in their ranges of variation 
itmay be that they represent ecophenotypes of asingle species 
as has been suggested for similarly facies-restricted forms as- 
signed to Chlamys (Ch.) textoria. However, unlike the latter 
species, the features distinguishing the groups would have to 
have resulted from very early ontogenetic developmental flex- 
ibility. Since the author can envisage no way of testing for 
such developmental flexibility it seems preferable to treat the 
groups as separate species. In any case, at least for Groups 4 
and 5, there are considerable differences in geographic dis- 
tribution which are difficult to relate to facies and each group 
is occasionally found in the facies apparently appropriate to 
the other, so it is perhaps more likely that they represent sepa- 
rate species. Similar reasoning applies to Groups 2 and 3 
where, for example, Buvisnier’s (1852) records suggest some 
morphological overlap. 


Notable differences in the mean form of the ornament be- 
tween the latest and earliest populations of Group 4 are attrib- 


uted to phyletic evolution within a single species since there 
can be no doubt of direct relationship and there is no con in. - 
ing evidence of the contemporaneous existence of two sepa- 
rate lineages (see p. 207). The latest (uppermost Oxfordian 
and Kimmeridgian) populations are characterised by the de- 
velopment of a larger umbonal angle (specimens marked with 
aglyph in text fig. 187) but this is clearly a simple reflection of 
the attainment of greater size. 


Differences in the mean form of the ornament between ear- 
lier and later populations in Groups 1 and 5 can also be inter- 
preted as the result of phyletic evolution within single species. 
Since however in Group 1 the difference in mean form results 
from a change in the relative proportions of two distinct 
(‘striate’ and ‘non-striate’) morphs there is here the possibility 
that the difference reflects a shift in the relative abundances of 
two quite separate species (see p. 192 for arefutation of this ar- 
gument). 


Radulopecten vagans (J. DE C. SowErBY 1826a) 
Pl. 9, Figs. 9-33, ?Fig. 34; text figs. 168-176 


Synonymy 
v" 1826a  Pecten vagans sp. nov; J. DE C. SOWERBY, p. 82, 
pl. 543, figs. 3, 4, 5. 
non 1833 Pecten vagans ]. DE C. SOWERBY; GOLDFUSS, 


p- 44, pl. 89, fig. 8. 
? 1839 Pecten vagans ]. DE C. SOWERBY; ROEMER, p. 29. 
1839 Pecten vagans J. DE C. SOWERBY; BEAN, p. 60. 


v" 1850 Pecten Rhetus sp. nov; D’ORBIGNY, v. 1, p. 314 
(BOULE, 1912, v. 7, p. 92, pl. 2, fig. 20). 
v*p 1850 Lima Nerina sp. nov; D’ORBIGNY, v. 1, p. 313 


(BOULE, 1912, v. 7, p. 92, pl. 2, figs. 21, 22). 
v 1850 Pecten vagans ]. DE C. SOWERBY; D’ÖRBIGNY, 

ve 1,p. 314. 

1852 Pecten anisopleurus sp. nov; BUVIGNIER, p. 23, 
pl. 19, figs. 31-35. 

1852 _ Pecten fibrosus J. SOWERBY; QUENSTEDT, p. 507, 
pl. 40, fig. 43 (non J. SOWERBY sp.). 

1853  Pecten vagans J. DE C. SOWERBY; MORRIS and 
LYCETT, p. 8, pl. 1, figs. 12, 12a. 


v* 1853 Pecten peregrinus sp. nov; MORRIS and LYCETT, 
p- 9, pl. 1, fig. 14. 
v" 1853 Pecten hemicostatus sp. nov; MORRIS and LYCETT, 


p- 10, pl. 1, fig. 16. 
1858  Pecten vagans ]J. DE C. SOWERBY; OPPEL, p. 491. 
1858 Pecten hemicostatus MORRIS and LYCETT; OPPEL, 
p- 491. 
? 1859  Pecten Thurmanni sp. nov; CONTEJEAN, p. 315, 
pl. 23, figs. 10-12. 
1860 Pecten vagans J. DE C. SOWERBY; COQUAND, 


p- 68. 
non 1860 Pecten vagans J. DE C. SOWERBY; DAMON, pl. 9, 
fig. 4. 
v* 1863  Pecten Griesbachi sp. nov; LYCETT, p. 31, pl. 33, 
figs. 6, 6a. 


1863 Pecten inaequicostatus PHILLIPS; LYCETT, p. 32, 
pl. 33, fig. 1a (non fig. 1; non PHILLIPS sp.). 


v" 1863  Pecten Rushdenensis sp. nov; LYCETT, p. 33, 
pl. 33, figs. 4, 4a-c. 
v" 1863  Pecten Wollastonensis sp. nov; LYCETT, p. 33, 


pl. 33, figs. 2, 2a-c. 

1863  Pecten anisoplenurus BUVIGNIER; LYCETT, p. 33, 
pl.33,tigs. 5,152. 

1867 Pecten vagans J. DE C. SOWERBY; LAUBE, p. 10, 
pl. 1, fig. 10. 


non 


u 


u 


non 


1867 


1869 


1869 


1869 


1880 


* 1883 


1886a 


1886c 


1888 


1888 


1898 


1900 


1906 


1906 


1910 


1911 


1916 


1916 


1917 


1917 


1923 


1923 


1923 


1926 


1926 


1929 


1932 


1932 


1936 


1936 


1936 


1936 


1936 


1936 


1940 


Pecten hemicostatus MORRIS and LYCETT; LAUBE, 
paldplatsstie.1: 

Pecten hemicostatus MORRIS and LYCETT; TER- 
QUEM and JOURDY, p. 127. 

Pecten anomalus sp. nov; TERQUEM and JOURDY, 
p- 128, pl. 13, figs. 18-20, 20a. 


Pecten rushdenensis LYCETT; TERQUEM and 
JOURDY, p. 129. 

Pecten vagans ]. DE C. SOWERBY; DAMON, 
pl. 9, fig. 4. 

Pectes intermittens sp. nov; WHIDBORNE, p. 500, 
pl. 15, figs. 13, 13a. 

Pecten samilus sp. nov; DE GREGORIO, p. 669, 
plaTfier7. 

Pecten eglus sp. nov; DE GREGORIO, p. 10, pl. 4, 
figs. 13a, 13b. 

Pecten vagans J. DE C. SOWERBY; SCHLIPPE, 
p- 131, pl. 2, fig. 5. 

Pecten hemicostatus MORRIS and LYCETT; SCHLIP- 
PE, p. 133, pl. 2, fig. 8. 

Pecten hemicostatus MORRIS and LYCETT; GREP- 
PIN, p. 128. 

Aequipecten fibrosus (J. SOWERBY); E. PHILIPPI, 
p- 98, text fig. 15 (non J. SOWERBY sp.). 

Chlamys semicostata sp. nov; COSSMANN, p. 3, 
pl. 1, figs. 6, 7, pl. 2, fig. 22. 

Chlamys rosimon (D’ORBIGNY); COSSMANN, p. 4, 
pl. 1, figs. 7-9 (non D’ORBIGNY sp.). 

Chlamys vagans (J. DE C. SOWERBY); LISSAJOUS, 
p- 360, pl. 9, fig. 8. 

Pecten (Radulopecten) hemicostatus MORRIS and 
LYcETT; ROLLIER, p. 158. 

Pecten cf. anomalus TERQUEM and JOURDY; 
PARIS and RICHARDSON, p. 533, pl. 45, figs. 1a-d. 
Pecten vagans J. DE C. SOWERBY; PARIS and 
RICHARDSON, p. 533. 


Pecten vagans J. DE C. SOWERBY; BORISSIAK and 
IVANOFF, p. 33, pl. 4, fig. 6. 

Pecten hemicostata MORRIS and LYCETT; BORIS- 
SIAK and IVANOFF, p. 35, pl. 4, figs. 1-5, 10, 11. 
Radulopecten vagans (J. DE C. SOWERBY); LISSA- 
JOUS, p. 160. 

Radulopecten semicostatus (COSSMANN); LISSA- 
JoUS, p. 160. 

Radulopecten Romani sp. nov; LISSAJOUS, p. 162, 
pl. 30, figs. 4, 4a, 4b, 5, 5a, 5b. 

Aequipecten vagans (J. DE C. SOWERBY); STAE- 
SCHE, p. 67. 

Chlamys vagans (J. DE C. SOWERBY); ROMAN, 
p. 178. 

Pecten (Chlamys) vagans J. DE C. SOWERBY; 
LANQUINE, p. 323. 

Chlamys vagans (J. DE C. SOWERBY); DOUGLAS 
and ARKELL, pp. 130, 131, 158. 


Chlamys cf. anisopleurus (BUVIGNIER); DOUGLAS 
and ARKELL, pp. 130, 140. 

Aequipecten vagans (]. DE C. SOWERBY); DECHAS- 
EAUX, p. 43, pl. 6, figs. 1,2, 3, 9. 

Aequipecten vagans var. anomalus (TERQUEM and 
JOURDY); DECHASEAUX, p. 44, pl. 6, figs. 5, 7, 8, 
14. 

Aequipecten vagans var. hemicostatus (MORRIS 
and LYCETT); DECHASEAUX, p. #5. 

Aequipecten Rushdenensis (LYCETT); DECHAS- 
EAUX, p. 46, pl. 6, figs. 10, 11. 

Aequipecten cf. Romani (LissaJOUS); DECHAS- 
EAUX, p. 47, pl. 6, fig. 12. 

Aequipecten anısopleurus (BUVIGNIER); DECHAS- 
EAUX, p. 49. 

Chlamys vagans (J. DE C. SOWERBY); PARENT, 
p- 42. 


1948 


1948 


1948 


1948 


1948 


1948 


1950 


1961 


1964 


1971 


1971 
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Chlamys (Radulopecten) hemicostata (MORRIS and 
LYCETT; Cox and ARKELL, p. 12. 

Chlamys (Radulopecten) vagans (]. DE C. SOWER- 
BY); Cox and ARKELL, p. 12. 

Chlamys (Radulopecten) anisopleurus 
IGNIER); COX and ARKELL, p. 12. 
Chlamys (Radulopecten) wollastonensis (LYCETT); 
Cox and ARKELL, p. 13. 

Chlamys (Radulopecten) griesbachi 
Cox and ARKELL, p. 13. 

Chlamys (Radulopecten) rushdenensis (LYCETT); 
Cox and ARKELL, p. 13. 

Chlamys (Radulopecten) vagans (J. DE C. SOWER- 
BY); CHANNON, p. 246. 

Chlamys vagans (J. DE C. SOWERBY); BARBU- 
LESCU, p. 701. 

Chlamys (Radulopecten) hemicostata (MORRIS and 
LYcETT); J.-C. FISCHER, p. 17. 

Radulopecten vagans (J. DE C. SOWERBY; MAU- 
BERGE, pp. 25-28. 

Radulopecten vagans var. anomalus (TERQUEM 
and JOURDY); MAUBERGE, pp. 25-28, 3 text figs. 


(BUv- 


(LYCETT); 


Lectotype of Pecten vagans J. DE C. SOWERBY 
1826a, p. 82, pl. 543, figs. 3, 4, 5 designated 
Arkeıı, 1931b, p. 437; BM 43319 (the 
original to J. DE C. Sowergy’s pl. 543, figs. 3, 
4): Dpl 9SEier 3jl@herein; H1:241, 12735518. 
Cornbrash (Bathonian) fide Arkeıı (1931b), 
Chatley, Somerset. Paralectotype; also 
BM 43319 (the original to J. DE C. SOwERBY’s 
pl. 543, fig. 5); Bradford Clay or Fuller’s 
Earth (Bathonian) fide Arkeır (1931b), 
Loscombe, Somerset. 


Text fig. 168: Radulopecten vagans — height/length. 


1. ORIGINAL DIAGNOSIS AND DESCRIPTION 


‘Rather convex, a little longer than wide; rıbs 11, large, 
convex, decorated with large erect concave scales that are very 


close upon the right but distant upon the left valve; ears nearly 


equal, crossed by large scales. 


Syn. P. sulcatus. Geol. Survey of the Yorkshire 
CoastHpr233, 1. I.rlig. 3.exel. Syn. 
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Text fig. 169: Radulopecten vagans — height of anterior auricle/ 
length. 


Seldom above an inch and a quarter wide. It differs from the 
last [‘Pecten’ vimineus] by having only half the number of 
ribs, and in not having the regular concentric striae which ap- 
pear between the ribs in that. When young the ribs are but a 
little raised, although the scales are then large: a few obscure 
rays sometimes appear between the ribs. 


This is one of those few shells which appear in several stra- 


ta: itis found in clay belonging to the oolite near Bath (fig. 5); 
in the Bath or Great Oolite at Hampton, Gloucestershire, and 
Bradford, Wiltshire; above the Oolite at Ancliffe, in the 
Cornbrash at Chatley (figs. 3 and 4), and in the Oolite Lime- 
stone at Malton.’ 


2. AMENDED DIAGNOSIS 


Distinguished from R. varıans by the smaller number of 
initial plicae, from R. strictzs by the smaller number of radial 
striae, from R. inequicostatus by the relatively uniform size 
of the initial plicae and from all other species of Radulopecten 
by the existence of a non plicate phase early in ontogeny. 


3. AMENDED DESCRIPTION 


Disc sub-ovate, higher than long, increasing in size isomet- 
rically (text fig. 168) to aknown maximum height of 50 mm 
(OUM J4821, BM L91533) but possibly reaching heights as 
great as 80 mm (see Section 7). Umbonal angle variable (text 
fig. 170), increasing only slightly during ontogeny. Disc 
flanks moderately high. 

Equilateral, usually inequivalve with left valvemore convex 
than right but all variations between latter and forms with 
right valve more convex than left. Convexity low — moderate 
in both valves. Intersinal distance greater ın left valve than 
right, increasing with approximate isometry in both (text 
figs. 171, 172). Byssal notch depth variable, usually moderate 
(text fig. 173), increasing with approximate isometry. 


Auricles well demarcated from disc; size variable (e. g. 
Pl. 9, Figs. 19, 33) usually moderate, anterior slightly larger 
than posterior. Posterior auricles usually meeting hinge line at 
90°; anterior auricles meeting hinge line at 90° or less. An- 
terior auricle of right valve meeting disc at an obtuse angle; 
remaining auricles meeting disc at an acute angle. All auricles 
ornamented with comarginal lamellae. 


Height of anterior auricle (text fig. 169) and lengths of an- 
terior (text fig. 174) and posterior (text fig. 175) hinges vari- 
able but increasing with approximate isometry. 
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Text fig. 170: Radulopecten vagans — height/umbonal angle. 
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Text fig. 171: Radulopecten vagans — intersinal distance on left 
valve/length. 
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Text fig. 172: Radulopecten vagans - intersinal distance on right 
valve/length. 


Ornament of right valve variable (e. g. Pl. 9, Figs. 23-25, 
30). Between 4 and 14 low plicae, wider than sulcı and increas- 
ing in number by splitting. Usually less than 4% but some- 
times the major proportion of specimens from a given localıty 
also bearing up to 50 (usually about 30) radial striae (see Sec- 
tion 4). All specimens bearing closely spaced comarginal 
striae, sometimes interrupted to form a decussate pattern. In 
late ontogeny of specimens with relatively high plicae, com- 
argıinal striae absent from sulci and raised into lamellae on 
plicae. 


Ornament of left valve extremely variable (e. g. Pl. 9, 
Figs. 9-22, 26-29, 31-33), essentially consisting of 2 zones. 
Earlier ontogenetic stages exhibiting between 15 and 35 
(MNO 2901 B), most commonly about 25, radial striae cross- 
ed by comarginal striae which are sometimes interrupted to 
form a decussate pattern. Later ontogenetic stages charac- 
terised by the development of between 4 and 14 (MNP), most 
commonly 5, radial striae into low plicae which are narrower 
than the sulci and bear variably spaced comarginal lamellae. 
Remaining radial striae rarely persisting and comarginal striae 
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becoming decussate or absent in the sulci. Further plicae add- 
ed by intercalation to amaxımum number of 16 (BM 65889), 
most commonly 9. Height of non-plicate zone extremely var- 
iable; from afew to 37 mm (BM L76308). Number of plicae at 
agıven height extremely variable; 0-11 (GPIG) at H: 10, 0-14 
(MNP) at H: 15, 0-14 (MNP) at H: 20, 5 (BM 66243) - 14 
(MNP) at H: 25, 6 (MNP) - 15 (BM 65889) at H: 30, 7 
(MNO) - 16 (BM 65889) at H: 35. Geographically and 
stratigraphically separated samples tending, however, to have 
a characteristic mean and coefficient of variation for the 
number of plicae at each height (see Jounson, 1981). 

Shell thickness moderate. 

The author has presented elsewhere (Jonnson, 1981) hıs 
reasons for considering the large range of variation described 


above to be the product of developmental flexibility within a 
single species. 
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Text fig. 173: Radulopecten vagans — depth of byssal notch/length. 


4. DISCUSSION 


As the earliest taxonomic species with type specimens 
within the range of the species described in Section 3 ‘Pecten’ 
vagans ]. DE C. SOWERBY is the senior synonym for the latter. 
The lectotype (BM 43319; Pl. 9, Fig. 31; 1) isa form in which 
plicae were introduced very early in ontogeny (‘early de- 
veloper’) and has 11 plicae at H: 41. J. De C. Sowerery indi- 
cates by synonymising ‘P.’ sulcatus Young and Bırp with 
‘P.’ vagans that he included forms which the present author 
places in Radulopecten fibrosus within his hypodigm for 
‘P. vagans. Such forms are probably the basis for his record 
of ‘P.’ vagans from the Oxfordian (Malton Oolite), a 
horizon at which R. fibrosus is abundant but R. vagans (1. e. 
the species described in Section 3) ıs either extremely rare or 
absent (see Section 5). A sımilar inclusion of forms which are 
referableto R. fibrosus may account for Roemer’s (1839) and 
Dechastaux’s (1936) records of J. DE C. SowErBY’s species 
from the Oxfordian. 

Specimens referred to “P.’ vagans by Damon (1860, 1880) 


and Borıssıak and Ivanorr (1917) are definitely referable to 


R. fibrosus. 
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Gorpruss (1833) has applied ]. DE C. Sowergy’s specific 
name to specimens said by ScHLosser (1911) to be broken ex- 
amples of Ctenostreon. 

One of the syntypes of ‘Lima’ Nerina D’Orsıcny (MNO 
2879) ıs indeed a nember of the Limidae but the other two 
(MNO 2879A; Pl. 9, Figs. 15, 22; 2) are ‘intermediate de- 
velopers’ of R. vagans with 10 plicae at H: 36 and 6 plicae at 
H: 23 respectively. The single measurable syntype of 
‘P.’ Rbetus (MNO 2902; 3) is sımilarly an ‘intermediate de- 
veloper’ and has 6 plicae at H: 21.5. Bourr (1912) erroneously 
described and figured the two syntypes of ‘L.’ Nerina which 
belong in R. vagans under ‘P.’ Rhetus. Cossmann (1906) 
thought that forms like ‘P.’ Rhetus. (sensu D’ORBIGNY) were 
specifically distinet but that D’Orsıcny’s description did not 
constitute an adequate indication. He therefore erected the 
more fully characterised ‘Chlamys’ semicostata as a replace- 
ment specific name. 

The original figure of ‘P.’ anısopleurus Buvicnier (4) de- 
picts a late developer’ with 5 plicae at H: 28. 

The lectotype of ‘P.’ peregrinus Morris and Lycett (IGS 
9170; 5) ıs a large ‘early developer’ (with 9 plicae at H: 10, 11 
at H: 15 and 13 at H: 20-35) while the lectotype of 
‘P.’ hemicostatus Morrıs and Lycetr (IGS 9168; Pl. 9, 
Fig. 18; 6) is a small “intermediate developer”. 

The sole observed type of ‘P.’ Wollastonensis Lycerr (BM 
L76311; Pl. 9, Fig. 9; 7) and the syntypes of ‘P.’ Rushdenen- 
sıs Lycett (BM L76309, L76310; Pl. 9, Fig. 16; 8) are all 
clearly “late-developing’ forms of R. vagans, ‘P.’ Wollas- 
tonensis exhibiting the typical continuous comarginal striae 
and ‘P.’ Rushdenensis the more unusual decussate pattern. 
The sole observed type of ‘P.’ Griesbachi Lycerr (BM 
176308; 9) ıs only distinguishable from the ‘late developer’ 
phenotype of R. vagans by alack of striae and this can almost 
certainly be accounted for by abrasion. 
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Text fig. 174: Radulopecten vagans — anterior hinge length/length. 
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Text fig. 175: Radulopecten vagans — posterior hinge 
length/length. 


The holotype (M) of ‘P.’ intermittens WHIDBORNE (SM 
J4759; 10) ıs a small “late developer’ with 19 radial striae. 


The left valve figured under ‘P.’ anomalus TErQuUEM and 
JourDy has 14 plicae and is indistinguishable from R. vagans. 
However, the right valves have about 30 radial striae and are 
thus quite unlike typical right valves of R. vagans. Similar 
forms (e. g. Pl. 9, Fig. 25) occur widely in the M. Jurassic 
and since there appear to be no intermediate right valve mor- 
phologies it may be that they should be accorded a specific 
distinction from R. vagans under Terourm and JourDY’s 
name. However, the present author is aware of no locality at 
which ‘striate” morphs occur in the absence of ‘non-striate’ 
morphs. It therefore seems more lıkely that they are 
polymorphs of the same species rather than representatives of 
different species. MaußErGE (1971) has gone so far as to sug- 
gest that they may be sexual dimorphs but the stratigraphic 
change in relative abundance of the morphs (see Sections 7, 
10) seems to argue against this particular hypothesis. 


Inclusion of the ‘striate” morph within R. vagans means 
that R. Romani Lıissajous and ‘Ch.’ rosimon Cossmann (non 
D’Orsıcny), both of which were based on such specimens, 
must be synonymised with R. vagans. 


The original figure of ‘P.’ Thurmanni CoNTEjean (11) ap- 
pears to depict an early developing form of R. vagans with 9 
or 10 plicae at H: 10. However, the stratigraphic horızon 
(Kimmeridgian) is anomalously late for the latter species (see 
Section 5) and suggests that the figure may be a poor rep- 
resentation of an example of R. varıans. DECHASEAUX (1936) 
considers CONTEJEAN’S species to be closer to R. fibrosus. 


DE GrEGor10’s figure of ‘P.” samilus shows no more than a 
poorly preserved internal mould while that of ‘P.’ eglus is 


only 5 mm high. However, both species exhibit 9 plicae and 
have a general form which suggests that they may be 
synonymous with R. vagans. 

The figured specimen of ‘P.’ fibrosus J. SOwERBY; QUENS- 
TEDT has 9 plicae, unlike J. SowErgy’s species. Since it is de- 
scribed as an example of a variable species from the Bathonian 
there can be little doubt of its identity with R. vagans. 
E. PhirLipr’s (1900) ‘Aeguipecten’ fibrosus ıs similarly refera- 
ble to J. DE C. SowErBY’s species. 


Arkeıı (1931a) examined the original (SM) to Lycerr’s il- 
lustration (1863, pl. 33, fig. 1a) of ‘P.’ inaequicostatus PriL- 
Lips and pronounced it to be a representative of ‘Ch.’ (R.) 
anisopleurus (BUVIGNIER), a species considered above to be a 
junior synonym of R. vagans. 


5. STRATIGRAPHIC RANGE 


Excluding Gorpruss’ (1833) invalid record of the species 
from the German Lias (see Section 4) the earliest certain re- 
cord of R. vagans ıs provided by a single specimen (BM 
117615) from the Murchisonae zone (Aalenian) of the Cots- 
wolds. Two specimens of questionable affinities (see Sec- 
tion 4) from strata in the Bifrons-Murchisonae zones of Sıcily 
(DE GreGoRrIo, 1886a,c) may be derived from a lower 
horızon. Only one other specimen (NM) is known from the 
Aalenıan. 


In the L. Bajocian specimens are known from the 
L. Trigonia Grit of the Cotswolds (BM L95380) and the 
Scarborough Limestone of Yorkshire (YM 500). 


Inthe U. Bajocian, R. vagans becomes quite common but 
it seems likely that the increase in numbers did not occur until 
the latest parts of the substage since all records which can be 
assigned to a zone (Lissajous, 1910; Parıs and RıcHARDSoN, 
1916; CHannon, 1950; sundry specimens in the BM, OUM, 
and GPIT) are derived from the Parkinsoni zone. 


The species is found at almost all horizons in the Bathonian, 
locally becoming extremely abundant. 

In the Callovian R. vagans is reported to becommon in the 
U. Cornbrash (Macrocephalus zone) of England by Cox and 
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Arkeıı (1948). However, this is not borne out by the author’s 
field work in Yorkshire and only 10 museum specimens (BM 
L91533, L91559, L91580; OUM J4821, J4822, J37587; SbM; 
DM[3]) are known from this and equivalent horizons in 
Europe. The only other Callovian museum specimens assign- 
able to a zone are 3 (BM 47436, L17969[2]) from the Kella- 
ways Rock (Calloviense zone) of Yorkshire. RorLıer (1911) 
records R. vagans from the L.-M. Callovian of the Jura and 
Borıssıak and Ivanorr (1917) record the species from the 
M. Callovian of Russia. Other bibliographic records from the 
Callovıan (Buvicnier, 1852; DECHASEAUx, 1936), apart from 
those referring to the Macrocephalus zone (e. g. Bean, 1839; 
Lissajous, 1910; DoucLas and Arkeıı, 1932), cannot be as- 
signed to a substage. R. vagans is not known to be common 
anywhere in the Callovian. 


Two specimens from the Oxfordian (probably Plicatilis 
zone) of Berkshire (BM 9930) and Yorkshire (BM L3634; 
Pl. 9, Fıg. 34) appear to be representatives of R. vagans but 
the possibility cannot be entirely excluded that they are ex- 
treme variants of R. inequicostatus. Oxfordian specimens 
mentioned in J. DE C. SowerBY (1826), ROFMER (1839) and 
DecHaseAux (1936) and Kimmeridgian specimens mentioned 
in CONTEJEAN (1859) may also be representatives of R. vag- 
ans (see Section 4). 


6. GEOGRAPHIC RANGE 


R. vagans is generally rare in the peri-Mediterranean re- 
gıon (text fig. 176) and is unknown outside Europe. In the 
Bathonian the paucity of locally derived specimens in 
museums at Dijon, Tübingen and Munich compared with the 
abundance of specimens known from N. France and $. Eng- 
land suggests a latitudinal temperature control on distribu- 
tion. However, bibliographic records of the species further 
south, although sparse, occasionally refer to numerous 
specimens (e. g. Lissajous, 1923; LANQUINE, 1929). It there- 
fore seems more likely that the distribution of the species is a 
function of facies rather than temperature and that the in- 
crease in abundance from E. France/S. Germany to N. 
France/S. England ıs a reflection of a higher frequency of the 
appropriate facies (see Section 8). 


Text fig. 176: Radulopecten vagans — European distribution. 


194 


7. DESCRIPTION OF ECOLOGY 


The first time that R. vagans occurs in any numbers is ın 
the Parkinsoni zone when it is found in $S. W. Germany and 
the Cotswolds. In the latter area the sediments (Clypeus Grit) 
are bioturbated, oolitic limestones in which the ‘striate’ 
morph seems to be dominant (see Section 10), reaching a 
maximum height of 27 mm (OUM ]J36384). The largest Bajo- 
cian specimen (H: 35; BM L95380) is from the L. Trigonia 
Grit (L. Bajocıan). 

R. vagans becomes locally abundant in the Bathonian and 
the following account concentrates on such occurrences. 


IntheL. Bathonian (Progracilis zone) the species occurs ın 
grain-supported shelly oolitic limestones at Minchinhampton 
and Taynton in the Cotswolds. There is an abundant and di- 
verse fauna of bivalves and gastropods but ammonites are 
rare. At the former locality fairly large “early developers’ are 
relatively common but no representatives of the ‘striate’ 
morph have been noted. Although most specimens are dis- 
articulated the incidence of abrasion and breakage is low 
enough to suggest minimal transport. 


In the M. Bathonian (Subcontractus zone) of Lorraine the 
species occurs in the Caillasse ä Anabacia (= Chomatoserıs). 
Estimates of the relative abundance of the ‘striate’ morph in 
this area range from 1% (MAuBERGE, 1971) to about 50% (Dr- 
CHASEAUX, 1936). G. A. Girı (pers. comm., 1977) reports that 
R. vagans is a frequent associate of Chomatoseris (Zoan- 
tharia) in poorly sorted oolites and biosparites at other 
localities in France. 


In the U. Bathonian small ‘early developers’ are the domin- 
ant forms of R. vagans present in the lower part of the Boueti 
Bed (Aspidoides zone) at Herbury (Dorset). ‘Striate” morphs 
are unknown. The sediments are calcareous marls with an ex- 
tremely abundant but low diversity fauna dominated by the 
bivalves Acromytilus and ‘Liostrea’, the brachiopods Di- 
gonella and Goniorhynchia and ectoprocts. Most specimens 
of R. vagans are disarticulated but the low incidence of abra- 
sion and breakage indicates minimal transport. Specimens in 
the upper part of the Boueti Bed and at an equivalent horizon 
at Amfreville (Normandy) are also heavily encrusted with the 
ectroproct Attractoecia. At the same level at Ranville large 
bivalved “late developers’ occur in a bed which earlier collec- 
tors called the ‘Calcaire ä Polypiers’. Similar forms occur ın 
the slightly later Lion Caillasse (Discus zone, Hollandi sub- 
zone) at Luc, in association with rare representatives of the 
‘striate” morph. The sediments, overlying a hardground, are 
very similar to the Boueti Bed but the fauna is considerably 
more diverse, with at least 65 species, including ectoprocts 
and sponges not seen in England (T. Parmer, 1974). Ammo- 
nites are, however, unknown. R. vagans also occurs in clays 
above a hardground at the same horizon in Wiltshire (Brad- 
ford Clay) and in the same region occurs in clays of the 
slightly later Discus subzone. Specimens from the latter 
horizon are usually fairly large, bivalved ‘early developers’ and 
the ‘striate’ morph is unknown. Serpulid encrustation is 
heavy but almost invariably restricted to the left valve. Speci- 
mens from the same level in Oxfordshire are mainly small 
“early developers’ but two ‘striate” morphs (out of a total of 
55 right valves collected by the author from Shipton Cement 
Works) are known. Almost all specimens are univalved but 


abrasion and breakage are limited enough to suggest minimal 
transport. The sediments are non-oolitic, shell-fragment 
limestones containing an abundant and diverse in- and 
epibenthos (see p. 128) but few ammonites. 


Apart from the Mäconnais (Lissajous, 1923) and Provence 
(Lanouine, 1929) where the stage is developed in shallow wa- 
ter marls and limestones, R. vagans is not known to be com- 
mon elsewhere in the Bathonian, although records are wide- 
spread (text fig. 176). Prior to the Discus subzone the species 
is absent north of a line running west/east just south of Ban- 
bury and Brackley in England (BrapsHaw, 1978). The max- 
imum height attained in the Bathonian is 44 mm 
(MNO 2901; Discus zone; ‘late developer’). 


Specimens from the calcarenites of the U. Cornbrash 
(Macrocephalus zone; L. Callovian) of England (see Sec- 
tion 5) are mainly large “late developers’. The maximum 
height is 51 mm (OUM J4821, BM L91533). Borıssıak and 
Ivanorr’s (1917) figures of specimens from the M. Callovian 
of central Russia have a maximum height of 80 mm and there 
is no suggestion of photographic enlargement. 


8. INTERPRETATION OF ECOLOGY 


The absence of R. vagans from pelagic limestones in the 
peri-Mediterranean region suggests an intolerance of soupy 
substrates. However, co-occurrence with Chomatoseris, an 
auto-mobile solitary coral which is highly characteristic of 
loose, soft sands (Gıuı and Coates, 1977), indicates a toler- 
ance of coarse grained unstable substrates. Tolerance of later- 
ally shifting sediments is indicated by the occurrence of the 
species in oolites (e. g. Minchinhampton) while a more gen- 
eral tolerance of instability in the physical environment ıs ın- 
dicated by the widespread occurrence of R. vagans in de- 
posits where ammonites are lacking and more localised oc- 
currence in deposits (e. g. Boueti Bed) where even the bivalve 
fauna is reduced in diversity. However, eurytopy was insuffi- 
ciently developed to allow colonisation of the highly unstable 
marginal marine environments which were present in central 
England during much of the Bathonian (BrapsHaw, 1978). 


By far the most common occurrence of R. vagans is im- 
mediately above hardgrounds or in minimally transported or 
in situ shell beds with an abundance of other shelly epiben- 
thos (e. g. Luc, Amfreville, Herbury, Bradford-on-Avon). 
This suggests that the existence of hard substrates was the ma- 
jor factor controlling distribution (see Section 9) and implies 
that the abundance of the species at Minchinhampton ıs more 
a reflection of the abundance of shelly epibenthos than of a 
particular liking for shifting substrates. The abundance of the 
species at Shipton may likewise be a consequence of the un- 
usual richness of the associated epibenthos. 


Since serpulid worm encrustation of bivalved specimens is 
limited to the left valve it seems likely that the right valve was 
tightly adpressed against the substrate during life (see Sec- 
tion 9). Ectoproct encrustation probably occurred after death 
since bivalved specimens are rarely encrusted. 


There is a strong suggestion of a competitive reaction be- 
tween R. vagans and Chlamys (Ch.) textoria. The latter, a 
species exhibiting considerable substrate eurytopy in the Ba- 
jocian, is largely confined to organic build-ups during the 


Bathonian (the acme of R. vagans) and the author knows of 
no locality at which both species have been found in numbers. 


The author has presented elsewhere (JoHnson, 1981) an 
analysis which suggests that in much the same way as in the 
Recent species Chlamys dieffenbachi (see BEu, 1966), plical 
variation in R. vagans reflects ecophenotypic reaction to en- 
vironmental differences which were developed over the space 
of afew metres. In the case of Ch. dieffenbachi environmen- 
tal heterogeneity is due to the patchy distribution of sponge 
substrates. Since the associated sediments have not been 
closely examined for the presence of spicules, it cannot be 
ruled out that R. vagans also developed different patterns of 
plication according to whether or not sponges constituted the 
substrate for attachment. That other soft-bodied organısms 
were involved is, of course, also a possibility. 


9. FUNCTIONAL MORPHOLOGY 


The usually moderately deep byssal notch combined with 
small or moderate adult size (with the probable exception of a 
few specimens from the M. Callovian of Russia [see Sec- 
tion 7]) suggests that R. vagans was byssally attached 
throughout life. The generally lower convexity of the right 
valve and its subdued ornamentation are paradıgmatic for 
tight fixation and variations in convexity perhaps suggest that 
R. vagans was adpressed against hard surfaces of variable 
shape (cf. below). 


Although intercalation of new plicae would have probably 
led to increased shell strength and stiffness it is very doubtful 
whether the addition of numerous plicae in some specimens of 
R. vagans was a response to a need for a mechanically 
superior shell. In Ch. dieffenbachi a need for an increase in 
the density of plical spinelets in order to grip a sponge sub- 
strate seems to be the underlying reason for the adoption of a 
densely plicate form (Bru, 1966). A similar type of explana- 
tion involving some soft-bodied organism, even if not 
sponges, is suggested in R. vagans by the fact thatthe comar- 
ginal lamellae become progressively more localised onto the 
crests of the plicae, thereby retaining the possibility of close 
contact with the substrate, in the ontogenetic passage from a 
weakly to a strongly plicate form. If this explanation is correct 
then the distribution of the soft-bodied host must have been 
determined by the existence of hard substrates so as to pro- 
duce the observed correlation between such substrates and the 
occurrence of R. vagans. 


The presence of upstanding ornament and absence of any- 
thing more than minimal ontogenetic increase in umbonal 
angle must have greatly restricted swimming ability in R. va- 
gans. 


10. ORIGINS AND EVOLUTION 


The origins of R. vagans are a mystery. The author is 
aware of no Jurassic pectinid species which can be regarded as 
alikely forebear. The ancestry of R. vagans may be connect- 
ed with the largely Asiatic Triassic genus Indopecten. 


R. vagans exhibits phyletic evolution in right valve morph 
frequency. Samples from the Bajocian only include a small 
proportion of the ‘non-striate’ morph but by the L. Batho- 
nıan (Progracilis zone) this morph was dominant, perhaps as 
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the result of some selective superiority. There also seems to be 
an evolutionary change in maximum height from the Batho- 
nıan to the Callovian. Forms possessing a similar ‘late de- 
veloper’ phenotype (which thus rules out any chance of a 
purely ecophenotypic difference) reach a maximum height of 
44 mm in the former stage and 51 mm in the latter stage. 


The Callovian decline of R. vagans was probably the result 
of the widespread development of argillaceous facies produc- 
ing soft sediments unfavourable for colonisation by the host 
organısm (see Section 9). 


Radulopecten varıans (ROEMER 1836) 
Pl. 10, Figs. 1-3; text figs. 177-180 


Synonymy 


1836  Pecten varıans sp. nov; ROEMER, p. 68, pl. 3, 
fig. 19. 


? 1852 Pecten Beaumontinus sp. nov; BUVIGNIER, p. 24, 
pl. 19, figs. 26-30. 

? 1859 Pecten Thurmanni sp. nov; CONTEJEAN, p. 315, 
pl. 23, figs. 10-12. 

? 1859 Hinnites clypeatus sp. nov; CONTEJEAN, p. 317, 


pl. 24, fig. 14. 
1860  Pecten varıans ROEMER; COQUAND, p. 79. 
? 1862 Pecten Banneanus sp. nov; ETALLON in THUR- 
MANN and ETALLON, p. 259, pl. 36, fig. 12. 
Pecten Pagnardi sp. nov; ETALLON in THURMANN 
and ETALLON, p. 259, pl. 36, fig. 12. 
1862 Pecten qualicosta ETALLON in THURMANN and 
ETALLON, p. 260, pl. 36, fig. 13. 
Pecten beaumontinus BUVIGNIER; THURMANN and 
ETALLON, p. 260, pl. 36, fig. 14. 
1863 Pecten perstrictus sp. nov; ETALLON, p- 56, pl. 8, 
fig. 8. 
1864 _ Pecten varıans ROEMER; V. SEEBACH, p. 98. 
1871 Pecten Urius sp. nov; SAUVAGE and RIGAUX, 
P-254: 
1872 Pecten Urius SAUVAGE and RIGAUX; SAUVAGE and 
RIGAUX, p. 176, pl. 9, fig. 5. 
1875  Pecten qualicosta ETALLON; DE LORIOL and PEL- 
LAT, p. 202, pl. 22, figs. 18-20. 
1893 Pecten beaumontinus BUVIGNIER; DE LORIOL, 
p- 305, pl. 32, fig. 18. 
1893 Pecten qualicosta ETALLON; DE LORIOL, p. 306, 
pl. 32, fig. 20. 
1900 Pecten varıans ROEMER; E. PHILIPPI, p. 99, 
text fig. 16a. 
Pecten qualicosta ETALLON; PERON, p. 221. 
v 1905 Pecten beaumontinus BUVIGNIER; PERON, p. 230. 
1917 Pecten cf. qualicosta ETALLON; BORISSIAK and 
IVANOFF, p. 49, pl. 3, fig. 2. 
1917 Pecten donezianus sp. mov; BORISSIAK and 
IVANOFF, p. 52, pl. 3, figs. 5-12. 
? 1921 Chlamys Beaumontina (BUVIGNIER); COSSMANN, 
p- 6, pl. 1, fig. 1. 
1926  Chlamys (Aequipecten) qualicosta (ETALLON); 
ARKELL, p. 548, pl. 32, figs. 4, 5. 
Chlamys (Chlamys) qualicosta (ETALLON); AR- 
KELL, p. 111, pl. 11, figs. 2-5. 
1936  Aequipecten qualicosta (ETALLON); DECHASEAUX, 
p- 51, pl. 7, figs. 7-21. 
v1936 _ Aequipecten Beaumontinus (BUVIGNIER); DECHAS- 
EAUX, p. 53, pl. 8, fig. 4. 
1936  Aequipecten perstrictus (ETALLON); DECHAS- 
EAUX, p. 56, pl. 8, fig. 8. 
Aequipecten Buvignieri sp. nov; DECHASEAUX, 
p- 58, pl. 8, fig. 2. 
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? 1952 Chlamys (Radulopecten) qualıcosta (ETALLON); 
CHAVAN, p. 37, pl. 2, fig. 15. 


The type material of Pecten varians ROEMER 
1836, p. 68, pl. 3, fig. 19 is probably in the 
ROEMER-PELIZaEUS-Museum, Hildesheim, 
W. Germany. The material was derived from 
the Oxfordian of N. Germany. 


1. ORIGINAL DIAGNOSIS AND DESCRIPTION 


‘P. testa ovato-orbiculari convexo plana radıatim striata, 
valva sinistra convexiore, striis subinaequalibus lineis concen- 
tricis in striarum longitudinalium dorso lamelloso squamosıs 
decussatis, auriculis inaequalibus longitudinaliter striatis. 


Das Gehäuse ist eirund, oder fast kreisrund; die Schalen 
sind beide gewölbt, die linke am meisten; beide sind mit zahl- 
reichen ungleichen Längsstreifen besetzt, auf denen die con- 
centrischen Linien blättrige Schuppen bilden; diese sind ge- 
wöhnlich nur am unteren Teile der Schalen deutlich, fehlen 
aber selten ganz. Die Ohren sind ungleich längsgestreift und 
wenig quer-liniert. 

Ist gewöhnlich etwas kleiner als das abgebildete Exemplar 


und findet sich im oberen Coral Rag bei Hoheneggelsen so 
wie am Galzenberge bei Hildesheim.‘ 


2. AMENDED DIAGNOSIS 


Differing from R. vagans, R. strictus and R. inequicos- 
tatus by the larger number of initial plicae and from all other 
species of Radulopecten by the existence of a non-plicate 
phase early in ontogeny. 
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Text fig. 177: Radulopecten varıans — heighv/length. 


3. AMENDED DESCRIPTION 


Disc sub-ovate, higher than long, early in ontogeny grow- 
ing allometrically (text fig. 177) to become sub-orbicular near 
the maximum height of 33 mm (NM). Umbonal angle vari- 
able (text fig. 179), increasing slıghtly during ontogeny to 
produce concave dorsal margins. Disc flanks low. 
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Text fig. 178: Radulopecten varıans - anterior hinge length/length. 


Equilateral; inequivalve, left valve more convex than right, 
both low convexity. Intersinal distance greater in left valve 
than right; moderate sized byssal notch. 


Auricles well separated from disc, moderate in size, an- 
terior slightly larger than posterior. Anterior auricles meeting 
hinge line and disc at a right angle; posterior auricles meeting 
hinge line at a right or obtuse angle and disc at an acute angle. 
Anterior auricles ornamented with 2-4 radial costae. Anterior 
hinge length moderate (text fig. 178). 


Right valve ornamented near the umbo with closely spaced 
comarginal striae and usually a large number of very fine ra- 
dial striae. Latter developing into plicae at shell heights above 
about 10 mm to match those on the left valve (Pl. 10, Fig. 1). 
Comarginal ornament tending to become reduced in the sulcı. 


Left valve also ornamented with comarginal striae near the 
umbo. All specimens possessing about 40 radial striae of 
which initially about 15 develop into narrow plicae to be fol- 
lowed, at a variable rate, by the remainder such that at H: 20 
there are between 16 (OUM ]J1891) and 39 (OUM J9005) 
plicae and at H: 30 between 20 (BM 33423) and 40 (MNO 
4293) plicae (Pl. 10, Figs. 2,3). Comarginal striae expanding 
into lamellae on the crests of the plicae and tending to disap- 
pear in the sulcı. 


Shell thickness moderate. 


4. DISCUSSION 


Rormer’s (1836) figure of ‘Pecten’ varians depicts a right 
valve whose number of plicae (ca. 28 at H: 22) and mertric 
proportions (1) fall within the range of the species described in 
Section 3. Since Rormer’s name is the earliest available the lat- 
ter is known hereinafter as Radulopecten varıans. 


There is some doubt over the affinities of ‘P.’ Beaumon- 
tinus Buvisnier. This species and subsequent references 
thereto is discussed under R. strictus (Munster). Since EraL- 
Lon’s (1862) ‘P.’ Banneanus was allied to BuviGnIer’s species 
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Text fig. 179: 


and his ‘P.’ Pagnardı to MUNSTERr’s species some doubt must 
remain as to the affınities of these species in spite of the fact 
that the figures of both appear to depict examples of R. var- 
ians. The figure of ‘P.’ qualicosta Erauıon undoubtedly de- 
picts a specimen of R. varıans as does DE Lorıor’s (1893) fig- 
ure of a specimen (repository: Ecole Cantonale de Porren- 
truy, Switzerland) chosen as lectotype. CHavan’s (1952) re- 
cord of ‘Chlamys’ (R.) qualicosta appears to be a misnomer 


for R. fibrosus (q. v.). 


Erarıon’s (1863) original reference to “P.” perstrictus has 
proved impossible to trace. However, the description has 
been reiterated by DecHaseAaux (1936) together with a photo- 
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Radulopecten varıans — height/umbonal angle. 


graph of a type, which is indistinguishable from R. varians. 
The original reference to ‘P.’ Urins SauvaGe and Rıcaux has 
similarly proved impossible to trace but the species was rede- 
scribed and figured by the same authors (1872) and the 
number of plicae (30 at H: 21.5) and metric proportions (2) 
are within the range of R. varıans. 

The holotype (M) of ‘Aequipecten’ Buvignieri DECHASEAUX 
(NM) has 22 plicae at H: 33 and metric proportions (3) which 
are indistinguishable from those of R. varıans. The syntype 
series of ‘P.’ donezianus Borıssıak and Ivanorr has not been 
studied but the photographs leave no doubt that the species 
should be synonymised with R. varıans. 
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Text fig. 180: Radulopecten varıans - European distribution. 
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The figure of ‘Hinnites’ clypeatus CONTEIJEAN is of a right 
valve unlike that of any “Hinnites’ (= Eopecten) species but 
with a plical count (27 at H: 20) and metric proportions (4) 
which suggest that it may be a representative of R. varlans. 

The affınities of ‘P.’ Thurmanni CoNTEJEAN are discussed 
under R. vagans. 


5. STRATIGRAPHIC RANGE 


The earliest zonally defined records of R. varians are from 
the Transversarium zone (U. Oxfordian) of Dorset where the 
species is common. In the same area it is common in the 
Cautisnigrae zone (U. Oxfordian). RoEmEr’s (1836) speci- 
mens are probably from the Decipiens zone. It is doubtful 
whether ‘Oxfordian’ records from Switzerland (THURMANN 
and Erarıon, 1862; De Lorıor, 1893) and France (e. g. Dr- 
CHASEAUX, 1936) include any material from later horizons in 
the stage. 


A few specimens of R. varians are known from the 
L. Kimmeridgian of east and central France (MNO 4293, 
MNP S04680, 504683, S05068) and one from the west coast 
(author’s collection). The number of specimens involved in 
DE Lorıor and Prııar’s (1875) record from the L. Kimmerid- 
gian of the Boulonnais is indeterminate but probably small. It 
is very doubtful whether Decnaseaux’s (1936) “Kimmerid- 
gien’ record includes any specimens from horizons above the 
lowest substage. 


6. GEOGRAPHIC RANGE 


Apart from isolated occurrences in the ‘Jurassic’ of Poland 
and Russia (Borıssıak and Ivanorr, 1917), R. varians is en- 
tirely restricted to N. W. Europe (text fig. 180). 


7. DESCRIPTION OF ECOLOGY. 


R. varians is first known to be common in the “Qualicosta’ 
Bed near the base of the Osmington Oolite Series (Transver- 
sarıum zone) where it reaches a maximum height of 31 mm 
(author’s collection). The sediments are cross-bedded but 
poorly sorted oobiosparites. The remaining fauna is domi- 
nated by Nanogyra (association G of FürsicH, 1977) and all 
the bivalves are disarticulated. R. varians is not common in 
the remainder of the series in Dorset, is rare throughout the 
series ın N. Wiltshire, Berkshire, Oxfordshire and Cam- 
bridgeshire, where coral rag facies occur (Arkrıı, 1931a), and 
is unknown in Lincolnshire and Norfolk where phyllosilicate 
clay facıes are dominant (BrookrieLd, 1973). The equivalent 
horizon in Yorkshire is largely developed in coral rag facies 
and is probably the source of the three specimens (BM 34423, 
L3633, 184564) which constitute the only known records of 
R. varıans from the area (cf. Arkeıı, 1931a). 


In the ‘Trigonia’ clavellata Beds of the Gloucester Oolite 
Series (Cautisnigrae zone) in Dorset, R. varians occurs 
commonly in the Main Shell Bed, where it reaches a maximum 
height of 28 mm (author’s collection), and in the Red Beds. 
The sediments are more marly than the ‘Qualicosta’ Bed and 
havea siderite cement. The fauna is also more diverse (associa- 
tion D of Fürsıch, 1977) and the bivalves, of which Nanogyra 
and Myophorella are the dominant genera, are occasionally 
articulated. 


R. varians ıs apparently absent after the Cautisnigrae zone 
in Britain. 

The species is not known to be common at any horizon in 
the Oxfordian of continental Europe, although it reaches a 
height of 33 mm (NM). It is known to be rare in coral reef 
facies in the Jura (THURMANnN and ErALLon, 1862; DE LoRIOL, 
1893). 


Rare specimens from the L. Kimmeridgian reach a max- 
imum height of 27 mm (MNO 4293) and are found in associa- 
üon with R. strictus. 


8. INTERPRETATION OF ECOLOGY 


Wırson (1968) has interpreted the shell beds in which 
R. varians occurs commonly in Dorset as the highest parts of 
tidal flat regressive sequences, implying thereby that they rep- 
resent strand-line accumulations of sub-littoral but nearshore 
organisms. However, TaLsor (1973) considered that they 
represented offshore environments, albeit within regressive 
sequences, a conclusion which is supported, at least for the 
‘T.’ clavellata Beds, by Fürsıch’s (1976, 1977) taphonomic 
analysis which indicates a stratigraphically condensed but 
minimally transported fauna living in a moderate energy 
submarine environment. Taphonomic evidence from the 
‘Qualicosta’ Bed (see Section 7) ıs less indicative ofan in situ 
fauna so Wırson’s interpretation may be applicable to this 
horizon. The implication is therefore that distance from the 
shoreline played no part in determining the suitability of an 
area for colonisation by R. varians. The absence of the 
species from some clay (e. g. Transversarıium zone inE. Ang- 
lia) and micrite (e. g. throughout the species range in many 
areas of$. Europe) sequences and its rarity in others indicates 
that low energy environments were not suitable for colonisa- 
tion. The rarıty of the species ın reef and reef-derived sedi- 
ments suggests that anything other than level bottom en- 
vironments were similarly unfavourable. 


The Kımmeridgian occurrences of R. varıans imply a lack 
of competition with the probable descendant, R. strictus. 
There appears to be no basis for this in terms of microhabitat 
differences (see Section 9 and p. 202). 


9. FUNCTIONAL MORPHOLOGY 


Since inmany morphological respects R. varıans is identi- 
calto R. vagans a similar tightly byssate mode of life can be 
inferred. The comarginal lamellae on the left valve are, how- 
ever, considerably smaller ın R. varians so it ıs doubtful 
whether they could have served any purpose in gripping a soft 
substrate, as suggested for R. vagans. Hard substrates, such 
as shells, were probably used for attachment. 


10. ORIGINS AND EVOLUTION 


The mostlikely ancestor for R. varıans ıs R. vagans. Since 
the first occurrence of the former species is within the geog- 
raphic range of the latter it may be that speciation was sympat- 
ric. The pattern of ornament on the left valve of R. varzans is 
essentially a scaled-down version of that of some ‘late- 
developing’ forms of R. vagans. This suggests that trans- 
specific evolution involved heterochronic retardation of the 


development of size with respect to that of ‘shape’. However, 
since ornamental development in R. vagans was almost cer- 
tainly under ‘environmental’ control trans-specific evolution 
must also have involved ‘genetic assimilation’ (WADDINGTON, 
1957). Heterochrony and ‘genetic assimilation’ are both 
probably indicative of regulatory gene volution. 

There are no significant phyletic changes in R. varıans. 
The disappearance of the species from England after the 
Cautisnigrae zone is probably the result of the widespread de- 
velopment of unfavourable argıllaceous facies in the Deci- 
piens zone. A similar development of argillaceous facies 
throughout Europe in the Kimmeridgian was almost certainly 
the cause of the extinction of the species early in the stage. 


Radulopecten strictus (MÜNSTER, 1833) 
Pl. 10, Figs. 4-6; text figs. 181-183 


Synonymy 


v* 1833 Pecten strictus sp. nov; MÜNSTER in GOLDFUSS, 
p- 49, pl. 91, figs. 4a-c. 
1836  Pecten strictus MUNSTER; ROEMER, p. 69. 
v"p 1850 Pecten Minerva sp. nov; D’ORBIGNY, v. 2, p. 54 
(BOULE, 1932, v. 21, p. 11, pl. 2, fig. 1). 
1850  Pecten Marcus sp. nov; D’ORBIGNY, v. 2, p. 54 
(BOULE, 1932, v. 21, p. 11, pl. 2, fig. 2). 
? 1852 _ Pecten Beaumontinus sp. nov; BUVIGNIER, p. 24, 
pl. 19, figs. 26-30. 
1852 _ Pecten Dyoniseus sp. nov; BUVIGNIER, p. 24, 
pl. 19, figs. 26-30. 
1859 Pecten Grenieri sp. nov; CONTEJEAN, p. 311, 
pl. 23, figs. 7-9. 
1860  Pecten strictus MUNSTER; COQUAND, p. 79. 
1860  Pecten Marcus D’ORBIGNY; COQUAND, p. 91. 
1862 Pecten Banneanus sp. nov; ETALLON in THUR- 
MANN and ETALLON, p. 259, pl. 36, fig. 12. 
1862 _ Pecten Pagnardi sp. nov; ETALLON in THURMANN 
and ETALLON, p. 259, pl. 36, fig. 12. 
1862 Pecten astartinus sp. nov; ETALLON in THURMANN 
and ETALLON, p. 260, pl. 36, fig. 14. 
1862  Pecten beaumontinus BUVIGNIER; THURMANN 
and ETALLON, p. 260, pl. 36, fig. 14. 
Pecten Grenieri CONTEJEAN; THURMANN and 
ETALLON, p. 265, pl. 37, fig. 7. 
1863  Pecten Minerva D’ORBIGNY; DOLLFUS, p. 80, 
pl. 14, figs. 4-6. 
1864  Pecten cf. strictus MUNSTER; V. SEEBACH, p. 98. 
1867 Pecten solldulus STOPPANI; J. MENEGHINI, p. 162, 
pl. 28, fig. 12. 
1872 Pecten kimmeridgiensis COTTEAU; DE LORIOL et 
al., p. 381, pl. 22, fig. 4. 
1872 Pecten Grenieri CONTEJEAN; DE LORIOL et al., 
p- 382, pl. 22, figs. 5, 6. 
Pecten tombecki sp. nov; DE LORIOL in DE LORIOL 
etal., p. 383, pl. 22, figs. 7-11. 
1874 Pecten gioenii sp. nov; GEMMELLARO and Di 
BLASI, p. 119, pl. 3, figs. 5-7. 
1875 Pecten Gioenii GEMMELLARO and Di Bıası; 
GEMMELLARO, p. 50. 
1875 Pecten strictus MÜNSTER; DE LORIOL and PELLAT, 
. p. 190, pl. 22, figs. 10, 15. 
? 1878 Pecten (Chlamys) Veneris sp. nov; GEMMELLARO 
and Dı BLASı in GEMMELLARO, p. 396, pl. 30, 
figs. 11, 12. 
1881 _ Pecten strictus MÜNSTER; DE LORIOL, p. 90, pl. 12, 
fig. 11. 
Pecten aff. Grenieri CONTEJEAN; BOEHM, p. 603, 
pl. 67, figs. 17, 18. 


u 


u 


u 


non 1862 


u 


v*? 1872 


u 


u 


vnon 1883 
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vnon 1883 _Pecten aff. Gioenii GEMMELLARO and Di Brası; 
BOEHM, p. 604, pl. 67, figs. 19, 20. 
1893 Pecten (Camptonectes) cf. Grenieri CONTEJEAN; 
FIEBELKORN, p. 399, pl. 14, fig. 11. 
Pecten beaumontinus BUVIGNIER; DE LORIOL, 
p- 305, pl. 32, fig. 18. 
v 1893 Pecten Minerva D’ORBIGNY; DE LORIOL and 
LAMBERT, p. 141, pl. 10, figs. 4-6. 
Pecten sainputeanus sp. nov; DE LORIOL in DE 
LORIOL and LAMBERT, p. 143, pl. 10, fig. 9. 
1904 Pecten (Chlamys) Girardoti sp. nov; DE LORIOL, 
p- 220, pl. 23, fig. 7. 
1905 Pecten (Camptonectes) insutus sp. nov; CRAGIN, 
p. 44, pl. 4, figs. 11, 12. 
v?p 1905 Pecten Minerva D’ORBIGNY; PERON, p. 220. 
v?1905  Pecten beaumontinus BUVIGNIER; PERON, p. 230. 
1905 Pecten kimmeridgiensis COTTEAU; PERON, p. 231. 
? 1905 Pecten (Aequipecten) cf. strictus MUNSTER; 
KILIAN and GUEBHARD, p. 758. 
1906  Pecten fibratus sp. nov; FUCINI, p. 618, pl. 11, 
fig. 2. 
non 1907b Chlamys cf. stricta (MÜNSTER); COSSMANN, p. 2, 
pl. 2, figs. 5, 6. 
1917 Pecten strictus MUNSTER; BORISSIAK and IVANOFF, 
p- 48, pl. 3, figs. 1,3. 
1921 Chlamys Beaumontina (BUVIGNIER); COSSMANN, 
p- 6, pl. 1, fig. 1. 
1931 Pecten (Aequipecten) arachnoidens sp. nov; SOK- 
OLOV and BODYLEVSKY, p. 61, pl. 4, figs. 10, 11. 
v1936  Aequipecten Grenieri (CONTEJEAN); DECHAS- 
EAUX, p. 52, pl. 8, fig. 7. 
Aequipecten Beaumontinus (BUVIGNIER); DECHAS- 
EAUX, p. 53, pl. 8, fig. 4. 
v 1936  Aequipecten Minerva (D’ORBIGNY); DECHAS- 
EAUX, p. 53, pl. 7, fig. 22, pl. 8, fig. 1. 
1936 Aequipecten strictus (MÜNSTER); DECHASEAUX, 
p- 54. 
1936  Aequipecten Dionyseus (BUVIGNIER); DECHAS- 
EAUX, p. 54. 
v1936 _Aequipecten astartinus (ETALLON); DECHASEAUX, 
p- 55, pl. 8, fig. 5. 
Aequipecten kimmeridgiensis (COTTEAU); DE- 
CHASEAUX, p. 55. 
1952 _ Chlamys minerva (D’ORBIGNY); CHAVAN, p. 35, 
pl. 2, figs. 12, 13. 
Pecten insutus CRAGIN; ALENCASTA DE CSERNA 
and ESTELA BUITRON, p. 10. 


non 1893 


v* 1893 


u 


u 


u 


"u 


u 


vnon 1936 


(2) 1936 


(2) 1965 


Lectotype of Pecten strictus MÜNSTER in 
Goıpruss 1835, p. 49, pl. 91, figs. 4a-c des- 
ignated herein; BSPHG AS VII 636 (figs. 4a 
and 4b of Gowpruss’ pl. 91 are probably 
restored illustrations of this specimen); 
Pl. 10, Fig. 6 herein; “Zone of Pteroceras 
oceant’ (L. Kımmeridgian), Oelingerberg bei 
Kappeln, N. Germany. Paralectotypes; 
BSPHG (3 specimens); also ‘Zone of Ptero- 
ceras oceani’, Oelingerberg bei Kappeln. 


1. ORIGINAL DIAGNOSIS AND DESCRIPTION 


‘Pecten testa ovato-orbiculari convexo-plana aequivalvı, 
lineis radiantibus confertis subaequalibus rectis, striis concen- 
tricis subtilissimis vix conspicuis, auriculis inaequalibus 
lineatis. 

E montibus Westphalicis. M. M. 


Eyförmig, flach-convex, gleichklappig, mit gedrängten, 
sehr zahlreichen, feinen und geraden ausstrahlenden Linien, 


200 


von welchem einige hier und da etwas dicker erscheinen als 
die übrigen. Sie sind auch auf den ungleichen Ohren bemerk- 
lich, und hier von deutlichen concentrischen Linien durch- 
kreuzt, welche auf der übrigen Schale nur durch Vergröße- 
rung sichtlich werden. 


Kommt mit dem vorigen an demselben Fundorte vor.‘ 


2. AMENDED DIAGNOSIS 


Distinguished from R. vagans and R. varians by the larger 
number of radial striae and from the latter also by the smaller 


number of initial plicae. Distinguished from all other species 
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Text fig. 181: Radulopecten strictus — heighv/length. 


of Radulopecten by the existence of anon-plicate phase early 
in ontogeny. 


3. AMENDED DESCRIPTION 


Essentially very similar to R. varıans. Differing in the 
maintenance of a sub-ovate form (text fig. 181) to the max- 
imum height of 35 mm (BM unnumbered), in the somewhat 
higher convexity and slightly smaller byssal notch, in the ten- 
dency for the posterior auricles to meet the hinge line at 90°, 
and in the ornament. 

Right valve ornamented with between 73 (MNO) and 110 
(BM 25344) radial striae (Pl. 10, Figs. 4, 5); left valve or- 
namented with between 60 (BM unnumbered) and 75 (MNO) 
and probably up to 85 (see Section 4) radial striae (Pl. 10, 
Fig. 6) of which between 5 and $ and possibly up to 12 (see 
Section 4) develop into low plicae bearing lamellae at intervals 
of about 2 mm. 


H/UA is plotted in text fig. 182. 


4. DISCUSSION 


The lectotype (herein designated) of ‘Pecten’ strictus 
Münster (BSPHG AS VII 636; Pl. 10, Fig. 6) isa poorly pre- 
served specimen but the existence of closely spaced radial 
striae leaves no doubt that it is a representative of the species 
described in Section 3,for which Munster’s name is thus the 
senior synonym. Kırıan and GutsHarn’s (1905) record of un- 
figured examples of Münster’s species from the Bathonian 
must be treated with caution owing to the unusual stratig- 
raphic horizon (see Section 5). Cossmann’s (1907b) record of 
Münster’s species is discussed under Chlamys (Ch.) textorıa. 

One of the two remaining syntypes of ‘P.’ Minerva D’OR- 
sıGnY (MNO 4725) is clearly referable to Radulopecten stric- 
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Text fig. 182: 


Radulopecten strictus — heighv/umbonal angle. 


tus but the other (MNO 4725B) bears more resemblance to 
the ‘coarse’ phenotype of Ch. (Ch.) textoria. Some of the 
specimens (MNP) referred to D’Orsıcny’s species by PERON 
(1905) are undoubtedly examples of R. strictus but others are 
more reminiscent of R. varians. 


The author has been unable to trace the holotype (M) of 
‘P.’ Marcus v’Orsıcny but Boure (1932) has provided a 
photograph of the specimen which, although poorly pre- 
served, displays the fine radial striae characteristic of R. stric- 
tus. 


The figure of ‘P.’ Beaumontinus Buvisnier resembles 
R. strictus but the text specifies an abnormally small number 
of radial striae (50-60) which are said to be raised into plicae 
on both the left and right valves. Decnaseaux (1936) has fi- 
gured a specimen (NM) which may be a type of Buvinier’s 
species and this, with more than 15 plicae, is clearly an exam- 
ple of R. varians. Specimens referred to Buvisnier’s species 
by pe Lorıoı (1893) are similarly referable to R. varıans and 
Peron’s (1905) specimens (MNP) appear to have only about 
35 striae and thus probably also belong in this species. THur- 
mann and EraLLon (1862) figure a right valve with 90-100 
striae (within the range of R. strictus) under BuviGnier’s 
specific name but also appear to use the same specimen as a 
basis for the erection of a new species, ‘P.’ astartinus. Coss- 
manN’s (1921) ‘Chlamys’ Beaumontina was said to have 
60-70 striae on the right valve and therefore seems to occupy 
an intermediate position between R. strictus and R. varıans. 


The figures of ‘P.’ Dyoniseus Buvicnier closely resemble 
R. strictus and a specimen in NM which may be a type has 
metric proportions (1) and number of striae on the right valve 
(100) within the range of the latter species. 


The figure of ‘P.’ Grenieri CoNTEjean depicts a specimen 
with many radial striae, as in R. strictus, but which ıs how- 
ever also ornamented with comarginal lamellae, giving a re- 
semblance to Camptonectes (Camptochlamys) obscurus. H/L 
(2) ıs within the range of the former species but H/UA is 
somewhat high. Specimens referred to ConTEjran’s species 
by pe Lorıor et al. (1872), FiEBELKORN (1893) and Dr- 
CHASEAUX (1936) are clearly examples of R. strictus but 
specimens referred to CoNTEJEAN’s species by THURMANN and 
Erarıon (1862) and Bornm (1883) have affinities with C. 
(Cec.) obscurus. 


It has proved impossible to trace the original description of 
‘P. kimmeridgiensis Corrzau but Prron (1905), who almost 
certainly examined the type material, has applied the name to 
specimens from the Kimmeridgian described as having 
numerous radial striae, which can thus be safely assumed to be 
examples of R. strictus. De Lorıor et al. (1872) figure a rıght 
valve under CoTtEau’s name which, wıth about 90 striae, is 
indistinguishable from R. strictus. Specimens referred to 
“Aequipecten’ kimmeridgiensis by DechHaseaux (1936) were 
allied with ‘Ae.’ Grenieri (CoNTEJEAN) and ‘“Ae.’ astartinus 
(Erarıon) and are thus very probably conspecific with 
R. strictus (see above). 


Although the syntypes of ‘P.’ tombecki ve LorıoL (MNS) 
have 12 plicae on the left valve the fact that the number of 
striae (60-70) and H/L (3) is within the range of R. strictus 
suggests that they should be considered to be extreme variants 
of the latter species. 
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The original figure of ‘P.’ gioenii GEMMELLARO and 
Dı Brası from Sicily depicts a specimen with about 70 striae 
on the left valve and metric proportions (4) within therange of 
R. strictus. Some doubt must, however, remain over whether 
P. gioenii is synonymous with the latter species owing to the 
anomalously late stratigraphic horizon (L. Tithonian) and the 
fact that Bornm (1883), who may have examined the type 
material, has referred to GEMMELLARO and Dı Brası’s species a 
specimen (BSPHG) whose continuous comarginal ornament 
is unlike that of R. strictus. 


The sole observed type of ‘P.’ sainpnteanus DE Lorıoı 
(MNSB. 03984; Pl. 10, Fig. 4), aright valve, has about 76 ra- 
dial striae and metric proportions (5) within the range of 
R. strictus. 


The number of plicae on the left valve (7-8) and H/L (6) of 
the original figure of ‘P.’ (Chlamys’) Girardoti de LorıoL 
does not allow of a separation from R. strictus. The abnor- 
mally large number of striae (80) and high H/UA probably 
represents extreme variation within the latter species. The 
same can be said of the 85 striae on the left valve and high 
H/UA (7) of the original figure of ‘P.’ (“Camptonectes’) in- 
sutus CRAGIN, a species from the U. Jurassic of Texas whose 
H/L is inseparable from R. strietus. ALENCASTA DE CSERNA 
and Estera Burtron’s (1965) unillustrated record of ‘P.’ ın- 
sutus from the U. Jurassic of Mexico must be treated with 
some caution owing to the slight possibility that Cracın’s 
species is not synonymous. 

‘P.’ (Aequipecten’) arachnoideus SokoLov and BonDYLEvsKkY 
from Spitzbergen has 70 striae on the left valve and metric 
proportions (8) of the original figure within the range of 
R. strictus. However, the stratigraphic horizon (Ryazanıan) 
is anomalously late (see Section 5) and together with the 
number of striae on the right valve (150) suggests that 
SokoLov and BopyLevsky’s species is probably distinct. 


‘P.’ solidulus Srorranı; J. MENEGHINI (U. Lias), ‘P.’ 
(‘Chlamys’) Veneris GEmMELLARO and Dı Brası (L. Lias) and 
‘P.’ fibratus Fucını (L. Lias) are all finely striate forms but 
their horizons of derivation suggest that they are probably 
worn specimens of Ch. (Ch.) textoria rather than early rep- 
resentatives of R. strictus. ‘P.’ fibratus also has an unusually 
low H/UA (9) although H/L in this species and both H/L and 
H/UA (10) of ‘P.’ (‘Ch.’) Veneris are within the range of 
R. strictus. Storran!’s original description of ‘“P.’ solidulus 
has not been traced. 


‘P.’ Banneanus EraLLon and ‘P.’ Pagnardı EraLLon are 
both discussed under R. varians. 


5. STRATIGRAPHIC RANGE 


The earliest certain occurrences of R. strictus are in the Ox- 
fordıan and of these none are undoubtedly earlier than the 
U. Oxfordian. Pre-Oxfordian occurrences of R. strictus 
may be constituted by four poorly preserved specimens (BM 
unnumbered; identified with a glyph in text figs. 181, 182) 
from the Kellaways Rock (Callovian) of Wiltshire and by 
specimens from the Bathonian (Kırıan and Gu£sHarD, 1905) 
and Lias (J. MEneEGHinı, 1867; GEMMELLARO, 1878; Fucını, 
1906) discussed in Section 4. 


The species is locally common in the L. Kımmeridgian but 
certain U. Kimmeridgian records are restricted to specimens 
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Text fig. 183: Radulopecten strictus — European distribution. 


mentioned in DE LorıoL et al. (1872) and pr Lorıoı and Prr- 
LAT (1875). 


Specimens from the L. Tithonian of Sicily (GEMMELLARO 
and Dı Brası, 1874; GEMMELLARO, 1875) may perhaps be late 
representatives of R. strictus and there is a slim possibility 
that specimens from the Ryazanıan of Spitzbergen (SokoLOV 
and Bopyrevskv, 1931) may constitute yet later examples of 
the species (see Section 4). 


6. GEOGRAPHIC RANGE 


The distribution of R. strictus is centred in N. W. Europe 
(text fig. 183). The only possible occurrences (see Section 4) 
outside this area are in the L. Tithonian of Sicily (GemmrL- 
LaroO and Dı Brası, 1874; GEMMELLARO, 1875) and the 
U. Jurassic of Texas (Cracın, 1905) and Mexico (ALENcCASTA 
DE Cserna and EsteLA Burtron, 1965). 


7. DESCRIPTION OF ECOLOGY 


R. strictus occurs commonly in condensed oolitic iron- 
stones of the Pseudocordata zone (U. Oxfordian) near 
Weymouth, Dorset where it reaches a maximum height of 
35 mm (BM unnumbered). 


In U. Oxfordian sands in Normandy R. strictus is a quite 
common element in a bivalve fauna dominated by 
Neomiodon and cyprinids but in which trigoniids, astartids, 
tancrediids and corbulids also occur (Chavan, 1952). 


the Calcaire ä Astartes 
(Cymodoce zone), a limestone/marl sequence in the E. Paris 


R. strictus is common in 
Basın. It also appears to be quite common in the Kimmerid- 
gian of Normandy and the Boulonnais but the exact horizon 


within the clay/phosphate nodule sequence is not clear. 


R. strictus is not known to be common in any areas apart 
from those discussed above. 


8. INTERPRETATION OF ECOLOGY 


During its short acme R. strictus was able to colonise a 
wide variety of level bottom substrates. Tolerance of a range 


of energy levels is suggested by its occurrence in both 
arenaceous and argillaceous sediments. 


The predominance of brackish water forms (HarLam, 1976) 
in the U. Oxfordian sands in Normandy indicates that 
salinities were usually reduced. However, the occurrence of 
apparently fully marine forms (e. g. trigoniids) suggests that 
salinities were sometimes normal during deposition of this 
unit thus the presence of R. strictus does not necessarily im- 
ply an ability to tolerate reduced salinities. 


Assuming that specimens derived from Sıcily, Texas and 
Mexico (see Section 4) are representatives of R. strictus and 
that therefore the species was able to tolerate waters which 
were warmer than those of the maın range in N. W. Europe 
the absence of R. strictus from apparently suitable lime- 
stone/marl facıes in southern continental Europe (e. g. the 
Rhone Basın) is amystery. 


A fairly close Recent morphological analogue of R. strictus 
is Chlamys (Ch.) nivea (see Tessır, 1976). 


9. FUNCTIONAL MORPHOLOGY 


Since, in the relevant aspects of morphology R. strictus ıs 
almost identical to R. varıans, a similar mode of life, tightly 
byssate on such hard substrates as shells, can be inferred. 


10. ORIGINS AND EVOLUTION 


The ancestor of R. strictus was almost certainly R. var- 
ıans. The increase in the number of radial striae and decrease 
in the number of initial plicae cannot have been caused by 
heterochrony so change in the structural rather than the reg- 
ulatory genome is perhaps implied. 


Within R. strictus eurytopy combined with small sıze and 
a possible phyletic reduction in maximum height from the 
U. Oxfordian (Hmax: 35) to theL. Kimmeridgian (Humax: 28; 
BM 187356) points to the prevalence of ‘r’ selection (GouıD, 
1977). 


No convincing deterministic explanation is available to ac- 
count for the post L. Kımmeridgıan decline of R. strictus. 


Radulopecten fibrosus (J. SOwErBY 1816) 
Pl. 10, Figs. 7-18, 20-22, ?Fig. 24; text figs. 184-192 


v” 1816 
1822 

non 1329 
1831 
1833 
1836 

(?) 1836 
(?) 1839 
vnon 1850 
v* 1850 
non 1852 
1852 
non 1852 


(2) 1858 
? 1859 


non 1860 
1860 

(2) 1860 
(?) 1860 
1862 
1862 
1863 
1864 

(?) 1867 
? 1872 


1874 
? 1875 


non 1880 
1880 

v 1880 
1882 

non 1882 
1883 
1893 


1894 
(2) 1897 


(?) 1900 
non 1900 
non 1901 


(2) 1904 


Synonymy 


Pecten fibrosus sp. nov; J. SOWERBY, p. 84, 
pl. 136, figs. 1,2. 

Pecten sulcatus sp. nov; YOUNG and BIRD, p. 33, 
pl. 9, fig. 3. 

Pecten fibrosus J. SOWERBY; PHILLIPS, pl. 6, 
fig. 3. 

Pecten fibrosus J. SOWERBY, DESHAYES, p. 82, 
pl. 8, fig. 5. 

Pecten fibrosus J. SOWERBY; GOLDFUSS, p. 46, 
pl. 90, fig. 6. 

Pecten fıbrosus J. SOWERBY; ROEMER, p. 69. 
Pecten fibrosus J. SOWERBY; LAMARCK, p. 227. 
Pecten fibrosus J. SOWERBY; BEAN, p. 60. 

Pecten fibrosus J. SOWERBY; D’ORBIGNY, v. 1, 
p-34l. 

Pecten subfibrosus sp. nov; D’ORBIGNY, p. 373. 
Pecten fibrosus a. var. nov; BRONN, p. 211. 

Pecten fibrosus ß var. nov; BRONN, p. 211. 

Pecten fibrosus J. SOWERBY; QUENSTEDT, p. 507, 
pl. 40, fig. 47. 

Pecten fibrosus J. SOWERBY; OPPEL, p. 568. 
Pecten Thurmanni sp. nov; CONTEJEAN, p. 315, 
pl. 23, figs. 10-12. 

Pecten fibrosus J. SOWERBY; DAMON, pl. 3, 
figs. 1, 1a. 

Pecten vagans J. DE C. SOWERBY; DAMON, pl. 9, 
fig. 4 (non J. DE C. SOWERBY sp.). 

Pecten fibrosus J. SOWERBY; COQUAND, p. 70. 
Pecten subfibrosus D’ORBIGNY; COQUAND, p. 73. 
Pecten subfibrosus D’ORBIGNY; THURMANN and 
ETALLON, p. 254, pl. 36, fig. 1. 

Pecten Veziani sp. nov; ETALLON in THURMANN 
and ETALLON, p. 264, pl. 37, fig. 8. 

Pecten Midas D’ORBIGNY; DOLLFUS, p. 79, pl. 14, 
figs. 1-3 (non D’ORBIGNY sp.). 

Pecten subfibrosus D’ORBIGNY; V. SEEBACH, p. 96. 
Pecten fibrosus J. SOWERBY; LAUBE, p. 12. 

Pecten Midas D’ORBIGNY; DE LORIOL et al., p.385 
(non D’ORBIGNY sp.). 

Pecten fibrosus J. SOWERBY; BRAUNS, p. 337. 
Pecten midas D’ORBIGNY; DE LORIOL and PELLAT, 
p- 193 (non D’ORBIGNY sp.). 

Pecten fibrosus J. SOWERBY; DAMON, pl. 3, 
figs. 1, la. 

Pecten vagans J. DE C. SOWERBY; DAMON, pl. 9, 
fig. 4 (non J. DE C. SOWERBY sp.). 

Chlamys Midas (D’ORBIGNY); DAMON, pl. 17, 
fig. 4 (non D’ORBIGNY sp.). 

Pecten subfibrosus D’ORBIGNY; ROEDER, p. 49, 
pl. 1, figs. 12a-d. 

Pecten fibrosus J. SOWERBY; ROEDER, p. 50, pl. 1, 
figs. 11a, 11b. 

Pecten fıbrosus J. SOWERBY; LAHUSEN, p. 23, pl. 2, 
fig. 3. 

Chlamys subfibrosa (D’ORBIGNY); SIEMIRADZKI, 
p. 119. 

Pecten subfibrosus D’ORBIGNY; DE LORIOL, p. 45. 
Pecten subfibrosus D’ORBIGNY; DE LORIOL, 
p. 127. 

Pecten subfibrosus D’ORBIGNY; DE LORIOL, 
p. 126. 

Aequipecten fibrosus (J. SOWERBY); E. PHILIPPI, 
p- 98, fig. 15. 

Pecten (Chlamys) subfibrosus D’ORBIGNY; DE 
LORIOL, p. 106. 

Pecten subfibrosus D’ORBIGNY; DE LORIOL, 
p. 227. 


1904 

(2) 1905 
1911 

1915 
221915 
vnon 1916 
1917 


1917 


1917 


(2) 1925 
v 1926 


v 1931a 
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Pecten subfibrosus D’ORBIGNY; ILOVAISKY, p. 251, 
pl. 8, figs. 14, 15a, 15b. 

Pecten fibrosus J. SOWERBY; KıLıan and GUEB- 
HARD, p. 766. 

Pecten subfibrosus D’ORBIGNY; BODEN, p. 192, 
pl. 8, fig. 1. 

Pecten subfibrosus D’ORBIGNY; KRENKEL, p. 299, 
pl. 26, fig. 23. 

Pecten (Aequipecten) Triboleti sp. nov; ROLLIER, 
p- 475, pl. 30, fig. 11. 

Pecten fibrosus J. SOWERBY; DOUVILLE, p. 74, 
pl. 10, figs. 1a, 1b. 

Pecten subfibrosus D’ORBIGNY; BORISSIAK and 
IVANOFF, p. 28, pl. 4, figs. 7, 8, 9a, 9b, 12-14. 
Pecten vagans J. DE C. SOWERBY; BORISSIAK and 
IVANOFF, p. 33, pl. 4, fig. 6 (non J. DE C. SOWERBY 
Sp.). 

Pecten Sokolowi sp. nov; BORISSIAK and IVANOFF, 
p- 46, pl. 2, figs. 10, 10a. 

Pecten fibrosus J. SOWERBY; READ et al., p. 80. 
Aequipecten fibrosus (J. SOWERBY); ARKELL, 
p. 546, pl. 34, figs. 2-5. 

Chlamys (Aequipecten) fıbrosa (J. SOWERBY); 
ARKELL, p. 112, pl. 11, figs. 6-12. 

Chlamys (Aequipecten) superfibrosa sp. nov; AR- 
KELL, p. 114, pl. 11, figs. 13-16. 

Chlamys (Aequipecten) midas (D’ORBIGNY); AR- 
KELL, p. 115, pl. 11, figs. 17-21 (non D’ORBIGNY 
sP.)- 

Pecten (Aequipecten) fibrosus J. SOWERBY; STOLL, 
p- 21, pl. 2, fig. 19. 

Pecten (Aequipecten) fıbrosus var. duplicostatus 
var. nov; STOLL, p. 21, pl. 2, figs. 16-18. 

Pecten (Aequipecten) tenuicostatus sp. nov; STOLL, 
p- 22, pl. 2, fig. 20. 

Aequipecten fibrosus (J. SOWERBY); DECHASEAUX, 
p- 47, pl. 6, figs. 17, 17a; ?pl. 6, figs. 15, 16, 16a 
(non pl. 6, figs. 18, 18a, 19, 20, pl. 7, figs. 1-3). 
Aequipecten Thurmannı (CONTEJEAN); DECHAS- 
EAUX, p. 57. 

Chlamys fibrosa (J. SOWERBY); ARKELL, p. 88. 
Chlamys (Aequipecten) fıbrosa (J. SOWERBY); 
MAKOWSKI, p. 17. 

Chlamys (Radulopecten) fibrosa (J. SOWERBY); 
CHAVAN, p. 36, pl. 2, fig. 14. 

Chlamys (Radulopecten) qualicosta (ETALLON); 
CHAVAN, p. 37, pl. 2, fig. 15 (non ETALLON sp.). 
Chlamys (Radulopecten) drewtonensis sp. nov; 
NEALE, p. 371, pl. 28, figs. 1-5. 

Aequipecten fibrosus (J. SOWERBY); BARBULESCU, 
p. 227. 

Chlamys (Radulopecten) fibrosa (J. SOWERBY); 
WORSSAM and IVIMEY-COOK, p. 40. 

Chlamys (Radulopecten) fibrosa (J. SOWERBY); 
DUrfF, p. 72, pl. 6, figs. 2, 7-9; text fig. 24. 
Chlamys (Radulopecten) drewtonensis NEALE; 
DUFF, p. 208, pl. 6, figs. 3, 4. 


Lectotype of Pecten fibrosus J. SOWERBY 
1816, p. 84, pl. 136, fig. 2 designated ArkeıL, 
1931a, p. 114; BM 43305 (the original to the 
left hand figure of J. Sowergy’s pl. 136, fig. 2); 
Pl. 10, Fig. 21 herein; H: 25, L: 23.5,Ir: 11, 
UA: 95; Corallian (Oxfordian), Oxford. 
Paralectotype; BM 43306 (the original to the 
right hand figure of J. Sowergy’s pl. 136, 
fig. 2); Pl. 10, Fig. 20 herein; Kellaways Beds 
(L. Callovian) fide Arkeıı (1931a), Chatley, 
Somerset. 
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Text fig. 185: Radulopecten fıbrosus — heighr/length. 
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Text fig. 186: Radulopecten fibrosus — height of anterior aur- 
icle/length. 


Radulopecten fibrosus — European distribution. 


l. ORIGINAL DIAGNOSIS AND DESCRIPTION 


‘Depressed, orbicular, with a rectangular beak, nine or ten 
broadish diverging grooves and numerous sharp concentric 
striae; ears equal, rectangular; margin undulated internally. 


Rather longer than broad; the back is formed of two 
straight lines meeting at an angle, sometimes greater, but sel- 
dom less than a right angle; the undulations within the margın 
are regular and rather deep. The striae are composed of small 
very prominent sharp ridges that hold the shell firmly to the 
stone in which it lies. 


This is remarkable at first sight for ıts broad and few sulci, 
and for all the fine undulating transverse striae all over them. I 
have but seldom seen it in pairs but Mr. STRANGEWAYS has a 
pair from Carrington, Oxfordshire, and I have an excellent 
specimen from the Chatley Cornbrash, by favour of 
T. Mrape, esq. and a small one showing the inside from Ox- 
fordshire. These last two are figured. Mr. MANTELL was so 
kind as to send me one from North Leach, Gloucestershire, 
which has only 9 costae, and Mrs. Gent has met with some- 
thing similar, but plainer at Kellaways; if these should prove 
to be different species, I shall notice them again.’ 


2. AMENDED DIAGNOSIS 


Distinguished from R. scarburgensis by the lack of radial 
striae, from R. inequicostatus by the larger number of plicae, 
from R. sigmaringensis by the lamellose rather than spinose 
ornament and from all other species of Radulopecten by the 
lack of a non-plicate zone. 


3. AMENDED DESCRIPTION 


Disc sub-ovate, higher than long, growing allometrically 
(text fig. 185) to become more orbicular near the maximum 
height of 43.5 mm (BM L42148). Umbonal angle increasing 
during ontogeny but relatively invariant at any one sıze (text 
fig. 187). Disc flanks low. 
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Text fig. 187: Radulopecten fibrosus — height/umbonal angle. 


Equilateral, inequivalve, low convexity, left valve more 
convex than right. Intersinal distance greater in left valve than 
right, increasing with approximate isometry in both (text 
figs. 188, 189). Byssal notch depth variable, small to moder- 
ate. 


Auricles well demarcated from disc, variable in size, an- 
terior larger than posterior. All auricles meeting hinge line at 
about 90°. Anterior auricle of right valve meeting disc at about 
90°, remaining auricles meeting disc at an acute angle. All au- 
rıcles ornamented with closely spaced comarginal striae. 


Height of anterior auricle (text fig. 186) and lengths of an- 
terior and posterior auricles (text figs. 190, 191) variable. 


Left valve ornamented with between 10 and 13, usually 11, 
original plicae (text fig. 192), narrower than sulci. Height of 
plicae variable, usually moderately high ın early representa- 
tives (e. g. Pl. 10, Fig. 8) but uniformly low in late forms 
(e. g. Pl. 10, Figs. 13, 16-18). Additional low plicae intercalat- 
ed during ontogeny of forms with original plicae to give a 
maximum total number of 27 (BM 35563). Rate of intercala- 
tion apparently faster in some of the latest representatives (see 
Section 7). Forms with low plicae bearing evenly spaced co- 
marginal lamellae on all parts of disc. Comarginal lamellae re- 
stricted to plical crests in forms with high plicae. 


Right valve usually bearing one less plica than left, with 
plicae wider than sulcı and all parts of disc ornamented with 
closely spaced comarginl striae. 


Shell thickness moderate in early representatives, low ın 
later forms (see Section 7). 


4. DISCUSSION 


Of the two syntypes of ‘Pecten’ fibrosus J. SOwERBY one 
(BM 43305; Pl. 10, Fig. 21) is seen only from the interior and 


the other (BM 43306; Pl. 10, Fig. 20) is poorly preserved. 
Metric proportions (1) and general shape of the former, des- 
ignated as lectotype by Arkeı (1931a), are, however, indis- 
tinguishable from the species described in Section 3 and since 
J. Sowrrey’s name is the earliest available for this species ıt ıs 
known hereinafter as Radulopecten fibrosus. The second syn- 
type (paralectotype) has metric proportions (2) within the 
range of R. fibrosus and the shape of the auricles confirms 
that itisa member of the latter species. The superficial similar- 
ity of the disc ornament in this specimen to that of R. scar- 
burgensis (Young and Bıro) is presumably the reason for 
PhitLıps’ (1829) misapplication of J. Sowergy’s specific name 
to an example of Young and Bıro’s species. Perhaps through 
following PhirLips’ rather than J. Sowerpy’s usage of ‘P.’ fıb- 
rosus, D’Orsıcny (1850) applied this name to specimens 
(MNO 3397) of R. scarburgensis and saw fit to erect a new 
species, ‘P.’ subfibrosus, for specimens (MNO 3754; Pl. 10, 
Fig. 22) which are in fact typical representatives of J. SOwER- 
By’s species. Other authors (Damon, 1860, 1880; ROFDER, 
1882; Douvirı£, 1916; DECHASEAUx, 1936, pl. 6, figs. 18, 18a, 
19, pl. 7, fig. 1) have also applied J. Sowergy’s specific name 
to examples of R. scarburgensis so with the evident possibil- 
ity of misinterpretation of his hypodigm inadequately charac- 
terised records of his species in Lamarck (1836), Bean (1839), 
Opreı (1858), Coouanp (1860), LauBeE (1867), TEROUEM and 
Journy (1869), Kırıan and Gu£sHarD (1905), Read et al. 
(1925), Barsurescu (1971) and Worssam and Ivımey-Cook 
(1971) can only be tentatively synonymised. Although most 
subsequent usages of ‘P.’ subfibrosus have been for forms 
which are undoubtedliy within p’Orsıcny’s hypodigm 
(= R. fibrosus), 2 
(‘Chlamys’) subfibrosus specimens which are almost certainly 


pe LoriorL (1901) describes under 


representative of R. scarburgensis. Doubt must therefore be 
cast on the affinities of unfigured specimens referred to D’OR- 
BIGNY’s species by the same author in 1897, 1900 and 1904, al- 
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though those described in 1894 do appear to belong to R. fıb- 
rosus. CoQuanp’s (1860) record of ‘P.’ subfibrosus is accom- 
panied by neither a figure nor a description so it can only be 
tentatively synonymised. Bronn (1852) followed D’Orsıc- 
ny’s interpretation of J. Sowergy’s hypodigm but considered 
that specimens such as those forming the basıs for ‘P.’ subfib- 
rosus could only be distinguished at the varietal level. Thus 
forms belonging to R. scarburgensis were referred to as 
‘P. fibrosus a and forms belonging to R. fibrosus were refer- 
red to as ‘P.’ fibrosus ß. SrorL’s (1934) variety duplicostatus 
is nothing more than the quite common form of R. fibrosus in 
which intercalation of additional plicae has occurred. 
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Text fig. 188: Radulopecten fibrosus — intersinal distance on left 
valve/length. 
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Text fig. 189: Radulopecten fibrosus — intersinal distance on right 
valve/length. 


Quenstepr’s (1852) and E. PhiLippi’s (1900) misapplication 
of J. Sowergy’s specific name to specimens of R. vagans is 
discussed under the latter species. Certain specimens illus- 
trated by DecHaseaux (1936, pl. 6, fig. 20, pl. 7, figs. 2, 3) 


under ‘Aeguipecten’ fibrosus may also be referable to R. vag- 
ans although the horizon (Oxfordian) suggests that they more 
probably belong in R. inequicostatus. Specimens ıllustrated 
under ‘P.’ vagans by Damon (1860, 1880) and Borıssıak and 
Ivanorr (1917) are clearly representative of R. fibrosus. 


‘P.’ sulcatus Young and Bıro and P. (‘Ae.’) tenuicostatus 
Srouı, both with 11-12 original plicae, are typical early rep- 
resentativesof R. fibrosus. The figured specimen of ‘P.’ Vez- 
ianı ErauLon (3) and the syntypes of Ch. (‘Ae.’) superfibrosa 
Arkeıı (OUM ]8247-8252; Pl. 10, Figs. 11, 12; 4) are small 
late representatives with rather extreme depression of the 
plicae. Large late representatives of R. fibrosus with the 
characteristic numerous low plicae were incorrectly referred 
to ‘P.’ Midas D’Orsıcny (a junior synonym of Camptonectes 
(C.) aurıtus) by Douırus (1863) and this misusage of D’Or- 
BIGNY’s specific name has been perpetuated by Damon (1880) 
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Text fig. 190: Radulopecten fıbrosus - anterior hinge length/length. 
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Textfig. 191: Radulopecten fibrosus- posterior hinge length/length. 


and Arkeıı (1931a). It may therefore be that inadequately 
characterised specimens referred to D’OrBIGNnY’s species in 
DE Lorıoı et al. (1872) and DE Lorıoı and PrıLar (1875) are 
in fact representatives of R. fibrosus. 


The holotype (OD) of ‘Ch.’ (R.) drewtonensis NeaLe (BM 
88737; Pl. 10, Fig. 24) has 13 plicae and most metric propor- 
tions (5) within the range of R. fibrosus. However, the byssal 
notch is abnormally large and may indicate that Nrare’s 
specimen is indeed a member of a different species. Neverthe- 
less the paucity of comparable specimens makes it more likely 
that ‘Ch.’ (R.) drewtonensis represents extreme variation 


within R. fıbrosus. 


‘Ch.’ (R.) qualicosta Erauıon; CHavan has irregular plicae 
but seems to be nearer R. fibrosus than EraLnon’s species 
(= R. varıans). 

‘P.’ (‘Ae.’) Triboleti ROLLIER was compared with ‘P.’ fib- 
rosus but the figured specimen is too poorly preserved to al- 
low confident assignment to any species. 


The affınities of ‘P.’ Thurmanni CoNTEjEan are discussed 
under R. vagans. 


‘P.’ Sokolowi Borıssıak and Ivanorr (erected for a form 
with 13 plicae which is inseparable from R. fibrosus) must be 
rejected as a junior primary hononym of ‘P.’ Sokolowi Rt- 
Towskı (? = Propeamussium (P.) nonarıum q. v.). 
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Text fig. 192: Radulopecten fıbrosus — frequency distribution for 
number of plicae on left valve. 


5. STRATIGRAPHIC RANGE 


There are no unequivocal records of R. fibrosus before the 
Callovian. Quenstepr’s (1852) record of ‘P.’ fibrosus from 
the Bathonian in fact refers to R. vagans while TERQuEM and 
Jourpy’s (1869) Bathonian record of ‘P.’ fibrosus is based on 
unfigured and therefore questionably conspecific specimens 
(see Section 4). The paralectotype (BM 43306), originally 
said to be from the Cornbrash (partly Bathonian), is more 
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probably from the Kellaways Beds (Arkrıı, 1931a) and it 
seems likely thata specimen in the GPIG labelled ‘Cornbrash, 
St. Etienne’ ıs from the L. Callovıan (Macrocephalus zone) 
part of that formation, the horizon at which R. fibrosus first 
occurs in Yorkshire (e. g. YM 592) and Pomerania (Stoıı, 
1934). In the former area the species is quite common in the 
Calloviense zone and the M. Callovian Coronatum zone. In 
the intervening Jason zone a few specimens are known from 
central England (Durr, 1978) and R. fibrosus seems to be 
fairly common at this horizon in the Moscow Basin (LaHu- 
sEN, 1883) and Lithuania (Krenker, 1915). The last two au- 
thors also cite material from the U. Callovian as do Borıssıak 
and Ivanorr (1917) from central Russia and Stouı (1934) from 
Pomeranıa. Makowskı’s (1952) record of R. fibrosus from the 
Callovian of Poland is probably from the upper substage. 


IntheL. Oxfordian definite records from the Mariae zone 
are restricted to a few specimens from Yorkshire (author’s 
collection). In the Cordatum zone the species ıs however ab- 
undant and widespread, continuing thus through the Plicatilis 
zone and almost certainly also the Transversarium zone 
(U. Oxfordıian). Specimens from the Normandy coast and 
Dorset are the only definite record of R. fibrosus in the Cau- 
tsnigrae zone; the specimens are nevertheless nhumerous. Ma- 
terial described by RormER (1836) and Brauns (1874) from the 
coralliferous beds of the U. Oxfordian in N. W. Germany 
may possibly include some specimens from the Cautisnigrae 
zone since the Middle Coralline Oolite is apparently of this 
age (Arkrıı, 1956: 139). Some of ROEMER’s material was deriv- 
ed from the upper ‘Coral Rag’ which could well be of Deci- 
piens zone age (Arkeıı, 1956: 139). These specimens are cer- 
tainly at least as young as the earliest populations of R. fibro- 
sus with depressed plicae seen in Dorset (see Section 7). Since 
ROEMER did not consider it appropriate to apply any specific 
name other than ‘P.’ fibrosus J. SOwERBY (syntypes with high 
plicae) to these specimens, it may be that they exhibit the high 
plicae characteristic of earlier populations. If so there would 
be clear evidence that forms with low plicae arose by splitting 
rather than phyletic change and it would be necessary to ac- 
cord them a separate specific name (cf. p. 11). ROEMER, how- 
ever mentions specimens with very low plicae in his descrip- 
tion of ‘P. fibrosus’ and ıt could be that his material from the 
upper ‘Coral Rag’ is the source of this comment. Thus, 
pending examination of the material, the author prefers to 
adopt the view that the evolution of forms with low plicae 
took place phyletically and that they should therefore be 
referred to as R. fibrosus. 

R. fibrosus is common and occurs widely in N. W. Europe 
in the Pseudocordata zone. L. Kimmeridgian records are 
however restricted to a few specimens from $. England 
(OUM ]2363; BM L19919, 142148, L73018), and specimens 
from NW. (BM 25921, 33047, LL13479; Douırus, 1863) and 
E. (THurmann and EraLıon, 1862) France. The latest zonally 
defined example is from the Cymodoce zone (BM L42148). 


6. GEOGRAPHIC RANGE 


R. fibrosus was essentially a Boreal species probably be- 
cause of the widespread development of argillaceous facies 
(see Section 8) in the Tethyan region. Certain occurrences of 
the, species are restricted to north-west, north, central and 
north-east Europe (text fig. 184) and are strongly correlated 
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with the development of arenaceous facies. The restriction of 
the range to E. Europe during the U. Callovian (see Sec- 
tion 5) cannot be explained by a lack of arenaceous facies else- 
where. At least in Yorkshire apparently suitable sediments 
(Hackness Rock) are well developed. However, in the latter 
arca R. scarburgensis is common and it may be that the latter 
competitively excluded R. fibrosus (see Section 8). 


The great reduction in population size which apparently 
occurred in the Cautisnigrae zone has no obvious explana- 
von. 


7. DESCRIPTION OF ECOLOGY 


R. fibrosus first occurs commonly in the Kellaways Rock 
(Calloviense zone) of Yorkshire where it reaches a maximum 
height of 25 mm (author’s collection). The sediments are 
sandstones, partly oolitic, containing a rather low diversity 
benthic fauna dominated by the bivalves Entolium (E.) cor- 
neolum, Pinna, Meleagrinella and Modiolus. A similar 
sedimentary and faunal association characterises occurrences 
in the Langdale Beds (Coronatum zone) of the same area and 
apart from Borıssıak and Ivanorr’s (1917) record from clay 
and Makowskr’s (1952) record, possibly from clay, all occur- 
rences in the Callovian of N. E. Europe (see Section 5) are 
known to be associated with similar sediments. Elsewhere 
R. fibrosus is rare in the Callovian although it is widespread 
intheL.andM. Callovian (see Section 5). A height of 37 mm 
is attained intheL./M. Callovıan of Pomerania (Sroıı, 1934). 
The great majority of Callovian specimens of R. fıbrosus 
have elevated plicae. 

In the Oxfordian of Britain specimens with elevated plicae 
are abundant in the calcareous sandstones of the Cordatum 
zone (L. Calcareous Grit), where they reach a maximum 
height of 26.5 mm (SbM), in biosparites of the Plicatilis zone 
(e. g. “Trigonia’ hudlestoni Bed [Pl. 10, Fig. 15], Shell- 
cum-Pebble Bed), where they reach a maximum height of 
36.5 mm (OUM ]9060), and in contemporaneous oolites 
(Hambleton and Malton Oolites). Examples of R. fibrosus 
with elevated plicae also occur in oolites in the Transver- 
sarıum zone of Dorset (“Qualicosta’ Bed). However, they are 
outnumbered 3:1 by specimens of R. varıans. In marly ool- 
itesin the Cautisnigrae zone ofthe same area (in the ‘Trigonia’ 
clavellata Beds) R. fiıbrosus outnumbers R. varians 2:1, but 
both species are common. The great majority of specimens of 
the former species have low, albeit numerous, plicae (e. g. 
Pl. 10, Figs. 11, 12). The maximum height is 32 mm (author’s 
collection). The associated fauna, as in L. and M. Oxfordian 
occurrences of R. fibrosus, ıs dominated by oysters and 
Myophorella. The fauna of sands in the Pseudocordata zone 
of Dorset (Sandsfoot Grit) where R. fibrosus is abundant, is 
dominated by Pinna (association B of Fürsıch, 1977) and is 
very reminiscent of Callovian occurrences of R. fibrosus. The 
maximum height attained is 39 mm (BM L84954). All speci- 
mens have thin shells with low plicae and the intercalary plicae 
appear to be added at a faster rate compared to earlier rep- 
resentatives (e. g. Pl. 10, Fig. 17, cf. also Figs. 13, 16). 


R. strictus may be an associate in L. Kimmeridgian occur- 
rences in France (see Section 5). In this substage R. fibrosus 
reaches a maximum height of 41 mm (BM L73018) in the 
Bayleı zone and 43.5 mm (BM L42148) in the Cymodoce 
zone. Ornamentation is as in the Pseudocordata zone. 


Apart from those instances discussed above R. fibrosus ıs 
only known to be common in the Cordatum zone of Alsace 
(Roeper, 1882) and in the “Oxfordian’ of Normandy (MNO). 
Other isolated records appear to be mainly derived from 
coarse-grained sediments and the only occurrences of more 
than a few specimens in argillaceous facies are in the Nothe 
Clay (Plicatilis zone) and Clay Band (Cautisnigrae zone) of 
Dorset (author’s collection). 


R. fibrosus only occurs commonly with R. scarburgensis 
in the Cordatum zone of Alsace. 


8. INTERPRETATION OF ECOLOGY 


It is clear from Section 7 that the high energy environment 
of arenaceous sedimentation was favourable to R. fibrosus. 


The general rarity of R. fibrosus in argillaceous sediments 
could be due to competitive inferiority to R. scarburgensis, 
which ıs widespread in such sediments, rather than to an ac- 
tual dislike of low energy depositional environments. Evi- 
dence for the latter view is provided by the local occurrence of 
numbers of R. fibrosus in clay horizons where R. scar- 
burgensis ıs absent (Nothe Clay, Clay Band). The occurrence 
of numerous examples of R. fibrosus together with R. scar- 
burgensis in the Cordatum zone of Alsace seems however to 
argue against any competitive reaction between the species. 
Nevertheless, it may be that the two species are derived from 
different horizons within the zone thus a lack of competition 
is not proven. 

Competitive inferiority to R. varıans is perhaps suggested 
by the relative rarity of R. fibrosus in association with this 
species in apparently suitable sediments in the Transver- 
sarıım zone. However it should be borne ın mind that the 
shells have undoubtedly been transported and that the present 
disparity in numbers may not reflect the original situation. If 
competition is inferred in the Transversarıum zone the com- 
mon occurrence of both R. fıbrosus and R. varıans in the 
Cautisnigrae zone of Dorset must be taken to imply a subse- 
quent suppression of competition by niche partitioning. 


There ıs little evidence of competition with R. strictus, a 
probable descendant of R. varıans. 


The size and morphology of R. fibrosus seems to be unre- 
lated to environment. 


9. FUNCTIONAL MORPHOLOGY 


Although the byssal notch is sometimes shallow, the small 
to moderate adult sizeallows that R. fibrosus could have been 
byssally attached throughout ontogeny. The reduced or- 
namentation of the right valve is paradigmatic for tight fixa- 
tion. The depressed plication of the left valve characteristic of 
later populations of R. fıbrosus ıs also paradigmatic for byssal 
fixatıion (on hard substrates) but it would have reduced the 
strength of the shell and consequently its ability to withstand 
predatory attacks. Since depression of the plicae results in 
greater streamlining it is additionally paradigmatic for swim- 
ming whereby, moreover, it ıs possible to avoid predation in a 
way other than by simply offering passive resistance. It may 
be that later populations of R. fibrosus moved into a new 
niche to avoid competition with R. varıans and adoption of 
the free-living mode of life postulated above (contrasting with 


the byssate mode of life of R. varıans) may have been the rel- 
evant move. In inferring adaptive value for the morphology 
of later forms of R. fibrosus on the basıs of the above argu- 
ment it should be borne in mind that the evidence for compe- 
tition between R. fibrosus and R. varıans (in the Transver- 
sarium zone) is very weak (see Section 8) and that ıf the 
species did not compete it cannot be inferred that there was 
subsequent niche partitioning. 


10. ORIGINS AND EVOLUTION 


The most likely ancestor for R. fıbrosus is R. vagans and 
since the first occurrence of the former ıs within the geog- 
raphic range of the latter the possibility of sympatric specia- 
tion cannot be ruled out. R. fibrosus can be viewed as the 
product of ‘genetic assimilation’ and heterochronic accelera- 
tion in variants of R. vagans with 10-13 initial plicae (cf. 
R. varıans). Such varıiants are, however, uncommon so sım- 
pleregulatory changes, as implied by the above, may not have 
been the sole cause of evolution. 


The lower mean plical height characteristic of Cautisnigrae 
zone and later populations of R. fibrosus ıs a reflection not 
only of the loss of forms with elevated plicae but also of the 
addition of forms with lower plicae than even the most ex- 
treme representatives (e. g. Pl. 10, Fig. 10) of earlier popula- 
tions. Evolution must therefore have involved some addition 
to the gene pool. 


On the basıs of a specimen (Pl. 10, Fig. 7) from a loose 
block with relatively high plicae, the author previously con- 
cluded (Jonnson, 1980) that mean plical height was slightly 
greater in the Cautisnigrae zone than in the later Pseudocor- 
data zone. A somewhat protracted episode of evolution in 
R. fibrosus would thus have been evinced (spanning several 
zones). However, re-examination of the specimen’s matrix 
suggests that it may well be derived from the ‘Qualicosta’ Bed 
(Transversarium zone) thus there may have been no change ın 
mean plical height between the Cautisnigrae and Pseudocor- 
data zones. Evidence that evolution in R. fibrosus was indeed 
compressed into a short period of time is supplied by material 
from Linton Hill, Abbotsbury, Dorset. Here forms with ele- 
vated plicae (recorded as ‘Chlamys’ fibrosa) were recovered 
by Arkeıı (1936b: 88) from the Sandy Block (uppermost 
Transversarıum zone) while the author has recovered a 
specimen with low plicae from a horizon only 2m higher ( ın 
Arkeır’s bed 5). 


The fact that the reduction in the plical height of R. fıb- 
rosus apparently occurred at the very end of the Transver- 
sarıum zone argues against any idea of change as a response to 
the (rather earlier) appearance of R. varıans and thus renders 
implausible the adaptive explanation advanced in Section 9. 
The alternative explanation, that change was through genetic 
drift and involved no increase in the level of adaptation, must 
be considered reasonable because R. fibrosus apparently suf- 
fered a population crash (as would promote change through 
genetic drift) at the time of evolution (see Section 5). 


It is possible that the apparent increase in the rate of plical 
intercalation between the Cautisnigrae and Pseudocordata 
zones is an illusion created by the larger size of specimens 
from the latter zone. Even if ıt is real it is amuch less marked 
change than the slightly earlier reduction in plical height. The 
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reduction in shell thickness in the Pseudocordata zone could 
well be a product of CaCo; dissolution in the porous sand- 
stones of this zone. 


Although R. fibrosus exhibits an overall phyletic increase 
in maximum height the pattern of change from 25 mm 
(L. Callovian; ?37mm [Srorı, 1934]) to 26.5 mm (L. Oxfor- 
dian) to 36.5 mm (M. Oxfordian) to 32 mm (U. Oxfordian, 
Cautisnigrae zone) to 39 mm (U. Oxfordian, Pseudocordata 
zone) to 41.5 mm (L. Kimmeridgian, Baylei zone) to 43.5 
(L. Kimmeridgian, Cymodoce zone) is somewhat oscillat- 
ory. 

The decline and extinction of R. fibrosus in the Kimmerid- 
gian may relate to the widespread development of argillaceous 
facıes (see Section 8). 


Radulopecten scarburgensis (Young and BırD 1822) 
Pl. 10, Figs. 23, 25-29, ?Fig. 19, ?Pl. 11, Figs. 1,3; 
text figs. 193-200 


Synonymy 
1822 Pecten Scarburgensis sp. nov; YOUNG and BIRD, 
p- 234, pl. 9, fig. 10. 
1829  Pecten fibrosus J. SOWERBY; PHILLIPS, pl. 6, fig. 3 
(non J. SOWERBY sp.). 


v” 1833 Pecten subarmatus sp. nov; MÜNSTER in GOLD- 
FUSS, p. 47, pl. 90, fig. 8. 
v*? 1833 Pecten subcancellatus sp. nov; MÜNSTER in GOLD- 


FUSS, p. 47, pl. 90, figs. 9a-c. 
1845  Pecten discrepans sp. nov; BROWN, p. 157. 
v1850  Pecten fibrosus J. SOWERBY; D’ORBIGNY, v. 1, 
p- 341 (non J. SOWERBY sp.). 
1852  Pecten fibrosus a. var. nov; BRONN, p. 211 (non 
J- SOWERBY sp.). 


vnon 1858 Pecten subarmatus MUNSTER; QUENSTEDT, p. 754, 
pl. 92, figs. 8, 9. 
1859 Pecten Bavonx sp. nov; CONTEJEAN, p. 316, 
pl. 23, fig. 6. 


1860  Pecten fibrosus J. SOWERBY; DAMON, pl. 3, figs. 1, 
la (non J. SOWERBY sp.). 
1862 Pecten Laurae sp. nov; ETALLON in THURMANN 
and ETALLON, p. 253, pl. 35, fig. 6. 
1864  Pecten cf. Laurae ETALLON; V. SEEBACH, p. 98. 
1878  Pecten subarmatus MÜNSTER; DE LORIOL, p. 158, 
pl. 22, fig. 2. 
1880  Pecten fibrosus J. SOWERBY; DAMON, pl. 3, figs. 1, 
la (non ]. SOWERBY sp.). 
1881 Pecten subarmatus MUNSTER; DE LORIOL, p. 85, 
pl. 12, figs. 24. 
1882 Pecten fibrosus J. SOWERBY; ROEDER, p. 50, pl. 1, 
figs. 11a, 11b (non J. SOWERBY sp.). 
1894 Pecten Laurae ETALLON; DE LORIOL, p. 47, pl. 5, 
fig. 5, pl. 6, fig. 3. 
1897 Pecten Laurae; ETALLON; DE LORIOL, p. 127. 
1901 Pecten (Chlamys) subfibrosus D’ORBIGNY; DE 
LORIOL, p. 106 (non D’ORBIGNY sp.). 
1904 Pecten (Chlamys) Laurae ETALLON; DE LORIOL, 
p- 218. 
v 1905 Pecten Laurae ETALLON; PERON, p. 216. 
1910  Chlamys subarmata (MÜNSTER); LISSAJOUS, 
p- 361, pl. 10, fig. 1. 
Pecten (Aequipecten) sp. nov; ROLLIER, p. 470, 
pl. 31, figs. 1a-c. 
1915 Pecten (Aequipecten) Catharınae sp. nov; ROL- 
LIER, p. 472, pl. 30, figs. 8-10. 
v1916  Pecten fibrosus J. SOWERBY; DOUVILLE, p. 74, 
pl. 10, figs. 1a, 1b (non J. SOWERBY sp.). 
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1917 Pecten subinaeqnicostatus KASANSKY; BORISSIAK 
and IVANOFF, p. 40, pl. 2, figs. 24. 

1917 Pecten Laurae ETALLON; BORISSIAK and IVANOFF, 
p- 44, pl. 2, fig. 1. 

1917 Pecten subarmatus MUNSTER; BORISSIAK and 

IVANOFF, p. 45, pl. 2, figs. 5, 6. 

Chlamys articulatus (SCHLOTHEIM); NEWTON, 

p. 395, pl. 11, fig. 7 (non SCHLOTHEIM sp.). 

1926  Pecten Laurae ETALLON; ROMAN, p. 193. 

1926 Chlamys subarmata (MÜNSTER); ROMAN, pp. 194, 
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196. 
p 1926 Aequipecten subarmatus (MUNSTER); STAESCHE, 
p- 68. 
(?) 1926 Aequipecten subcancellatus (MÜNSTER); STAE- 
SCHE, p. 70. 


1933 Pecten (Aequipecten) aff. subarmatus (MUNSTER); 
DIETRICH, p. 65, pl. 9, fig. 140. 
1935a  Chlamys scarburgensis (YOUNG and BIRD); AR- 
KELL, p. xill. 
Chlamys (Radulopecten) tipperi sp. nov; COX, 
p- 18, pl. 1, figs. 1-5. 
v1936 _ Aeqnipecten fibrosus (J. SOWERBY); DECHASEAUX, 
p- 47, pl. 6, figs. 18, 18a, 19, pl. 7, fig. 13? pl. 6, 
figs. 15, 16, 16a; non pl. 6, figs. 17, 17a, 20, pl. 7, 
figs. 2, 3 (non J. SOWERBY sp.). 
1936  Aequipecten Laurae (ETALLON); DECHASFAUX, 
p- #9. 
v1936  Aequipecten cf. Laurae (ETALLON); DECHAS- 
EAUX, pl. 7, figs. 4, 4a, 5, 5a. 
1939  Chlamys cf. Laurae (ETALLON); STEFANINI, 
p- 182, pl. 20, figs. 7, 8. 
1948 Chlamys (Radulopecten) scarburgensis (YOUNG 
and BIRD); Cox and ARKELL, p. 13. 
Chlamys (Radulopecten) moondanensis sp. nov; 
Cox, p. 12, pl. 1, fig. 13, pl. 2, fig. 7. 
1958 _ Chlamys (Radulopecten) scarburgensis (YOUNG 
and BIRD); R. HUDSON, p. 420. 
1965  Chlamys (Radulopecten?) kinjeleensis sp. nov; 
Cox, p. 57, pl. 17, figs. 6a, 6b, 7a, 7b. 
1969  Chlamys scarburgensis (YOUNG and BirD); 
J. HUDson and PALFRAMAN, p. 394. 
1970  Aequipecten cf. subarmatus (MÜNSTER); BEHMEL, 
p- 62. 
Chlamys (Radulopecten) scarburgensis (YOUNG 
and BIRD); DUFF, p. 70, pl. 5, figs. 19, 20, 23, 24, 
26, 27, pl. 6, figs. 1,5, 6. 
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v*? 1952 


Neotype of Pecten Scarburgensis YOunG and 
Bırp 1822, p. 234, pl. 9, fig. 10 designated by 
Durr, 1978, p. 71; SM J12398; figured Durr, 
1978, pl. 5, fig. 27; Hackness Rock (U. Call- 
ovian), Scarborough, Yorkshire. 


1. ORIGINAL DIAGNOSIS AND DESCRIPTION 


‘Fig. 10 represents the inside of a handsome shell, of a 
larger size and more oblong shape [than ‘P.’ fibrosus J. SOw- 
ERBY].from the hard sandstone at the foot of Scarborough Cas- 
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Text fig. 193: Radulopecten scarburgensis - frequency distribution 
for number of plicae on left valve. 


tle. Some specimens are three inches long, but it is very dif- 
ficult to get any entire. Both valves are convex, and as in 
No. 12, are closely invested with transverse membranaceous 
striae, somewhat sharp and rough, crossing both the ribs and 
the intermediate grooves. There are nine ribs, which are broad 
and rather flat, but each has an elevated ridge running along 
the middle of it, surmounted here and there by oblong spines, 
or sharp scales, crossing the ridge. As this species does not ap- 
pear to have been hitherto described, we may name it p. Scar- 
burgensis.” 


2. AMENDED DIAGNOSIS 


Distinguished from R. fibrosus by the presence of radial 
striae, from R. sigmaringensis by the presence of comarginal 
lamellae rather than spines, from R. inequicostatus by the 
equality of the initial plicae and from all other species of 
Radulopecten by the lack of a non-plicate zone. 


3. AMENDED DESCRIPTION 


Essentially similar to R. fibrosus, differing by the larger 
maximum height (92 mm, MNP; possibly 170 mm, see Sec- 
tion 4), more variable umbonal angle (text fig. 195), some- 
what greater convexity, and tendency for the right valve to be 
the more convex, by the more equal-sızed auricles and ten- 
dency for all the auricles to meet the hinge-line at an acute 
angle and of the anterior auricle of the right valve to meet the 
disc at an obtuse angle, by the generally smaller byssal notch 
and by the ornament of the disc (other metric proportions 
plotted in text figs. 194, 196-8). 


Left valve bearing between 8 and 11 original plicae (text 
fig. 193), width and height variable both between individuals 
and in ontogeny. Forms with narrow plicae late in ontogeny 
adding to number by intercalation (e. g. Pl. 10, Fig. 27). 
Plicae bearing variably spaced comarginal lamellae; spacing 
strongly correlated with plical height (e. g. Pl. 10, Fig. 23). 
Sulci with or without comarginal lamellae; presence strongly 
correlated with relatively close spacing of plical lamellae 
(compare Pl. 10, Figs. 28 and 29). 

Right valve usually bearing one more plica than left. 
Closely spaced comarginal striae on both plicae and sulcıi, 
sometimes raised into lamellae on the most anterior and post- 
erior of the plicae (Pl. 10, Fig. 26) and on the ventral part of 
the medial plicae in large specimens. Both valves bearing 
numerous fine radial striae in the umbonal region. 


Shell thickness usually moderate but becoming quite high 
in large specimens. 


4. DISCUSSION 


Although the type material of ‘pecten’ Scarburgensis 
Young and BırD appears to have been lost, mention in the 
original description (see Section 1) of ‘nine ribs’ can leave lit- 
tle doubt that it was representative of the species described in 
Section 3 rather than the species with which it was compared 
(‘P.’ fibrosus J. Sowersy). Moreover, the type locality, atthe 
foot of Scarborough Castle, is at a horizon (Hackness Rock) 
at which the former species is common (see Section 7) but at 
which the latter appears to be absent. Accordingly the species 
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Text fig. 194: Radulopecten scarburgensis — heighv/length. 


described in Section 3 is known hereinafter as Radulopecten 
scarburgensis. Durr (1978) has designated as neotype a left 
valve (SM ]12398) whose plicae are initially high and faırly 
wide but become relatively low and somewhat narrow later ın 
ontogeny, and whose plical lamellae are faırly widely spaced 
early in ontogeny and closely spaced later, but continuous 
across the sulci at all stages of growth. 


PHırLiırs (1829) and p’Orsıcny (1850) misinterpreted 
J. Sowersy’s (1816) hypodigm for ‘P.’ fibrosus and applied 
this name to specimens of R. scarburgensis. Subsequently, 
numerous authors have similarly misapplied J. SowErBY’s 
specific name (see R. fibrosus for a fuller discussion). BROwNn 
(1845) realised Prirtıps’ mistake and erected ‘P.’ discrepans 
for the latter’s figured specimen. D’ORBIGNY’s species 
‘P.” subfibrosus, erected for forms which are in fact identical 
to J. SOwErBY’s species, was itself misapplied by DE LorıoL 
(1901, ?1897, 21900, ?1904) to specimens of R. scarburgensis. 


The left valve of the figured syntype of ‘P.’ subarmatus 
Münster (BSPHG AS VI 621; Pl. 10, Fig. 29; 1) has high 
and moderately wide plicae throughout ontogeny and widely 
spaced plical lamellae which are not continuous across the sul- 
ci. Quenstept (1858) applied Münster’s specific name to a 
specimen (GPIT) which has the conical spines diagnostic of 
R. sigmaringensis. By citing specimens from the Tithonian of 
S. W. Germany (see Section 5 and p. 217) and including ‘P.’ 
(“Aequipecten’) Sigmaringensis in hıs synonymy, STAESCHE 
(1926) indicates that his concept of “Ae.’ subarmatus in- 
cluded forms which are referable to R. sigmaringensis as well 
as to R. scarburgensis. 


The sole observed type of ‘P.’ subcancellatus MÜNSTER 
(BSPHG) ıs a small left valve (H: 17) with low, narrow plicae 
and continuous comarginal lamellae. The abnormally small 
number of plicae (7) and low H/UA (2) may distinguish it 
from R. scarburgensıs. 
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Text fig. 196: Radulopecten scarburgensis — intersinal distance on right valve/length. 


The figures of ‘P.’ Bavonx CONTEIJEAN (3) and ‘P.’ Laurae 
EraLton depict specimens with narrow original plicae and 
numerous intercalaries. 


‘P.’ (‘Ae.’) Catharınae RoLLIER was said to be between 
‘P.’ Laurae and ‘P.’ subarmatus and therefore cannot be ac- 
corded a specific distinction in the light of the preceding dis- 
cussion. ‘P.’ (“Ae.”) sp. nov; ROLLIER was said to be a ‘muta- 


tion’ of ‘P.’ Laurae. The figured specimen is too poorly pre- 
served for specific determination. 


‘Chlamys’ (R.) tipperi Cox and ‘Ch.’ (R.) moondanensis 
Cox were both compared to ‘P.’ Laurae. The former comes 
from an anomalously early horizon (Bajocian) for R. scar- 
burgensis and the paratype (BM 163157) has an unusually 
high H/UA (4). The latter comes from an abnormally late 
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Text fig. 198: Radulopecten scarburgensis — posterior hinge length/length. 
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horizon (Tithonian) and the paratype (BM L75243; Pl. 11, 
Fig. 1), arıght valve, has rather widely spaced comarginal or- 
nament. This could, however, be due to its exceptional size 
(H: =170). ‘Ch.’ (R.) kinjeleensis Cox was compared to 
‘Ch.’ (R.) inaequnicostata (= R. inequicostatus herein) but 
the presence of 10 plicae allies it with R. scarburgensis al- 
though the byssal notch is unusually deep for the latter 
species. 

The original description of ‘P.’ subinaequicostatus 
Kasansky has proved impossible to trace but Borıssıak and 
Ivanorr’s (1917) specimen figured under this name (5) has 9 
plicae and is indistinguishable from R. scarburgensıis. 


Newron’s (1921) figure of ‘Ch.’ articnlatus (SCHLOTHEIM) 
is much closer to R. scarburgensis than to SCHLOTHEIM’S 
species (? = R. inequicostatus). 


5. STRATIGRAPHIC RANGE 


With the exception of adoubtful occurrence in the Bajocıan 
of Iran (Cox, 1936; see Section 4) there are no records of 
R. scarburgensis untiltheL. Callovian when a few specimens 
are known from the Kellaways Rock (Calloviense zone) of 
Yorkshire (BM 11030, YM 605e) and Wiltshire (Durr, 1978) 
and from the L. Oxford Clay (Calloviense zone) of Bedford- 
shire (Durr, 1978). A specimen from the U. Cornbrash 
(Macrocephalus zone) of Yorkshire (BM 47431; Pl. 10, 
Fig. 19) may be a slightly earlier representative of R. scar- 
burgensis but the possibility cannot be excluded that it ıs an 
extreme variant of R. fibrosus. All remaining substage- 
defined records of R. scarburgensis in the Callovıan are from 
the U. Callovian, where the species is locally common (see 
Section 7). 


The species is locally common throughout the Oxfordian 
but undoubted Kimmeridgian records are limited to three 
specimens from $. W. Germany (GPIT, BSPHG [2]), and a 
few from the Jura (Contejean, 1859; De LorıoL, 1878, 1881). 
Steranını (1939) records an indeterminate number of speci- 
mens from the Oxfordian/Kimmeridgian of Somalia and 
Dietrich (1933) records a single specimen from the ‘Kim- 
meridgian/Portlandian’ of Tanzania. 


The species may occur in the Tithonian of Cutch, N. W. 
India (Cox, 1952; see Secuon 4). 


6. GEOGRAPHIC RANGE 


In the Callovian and Oxfordian R. scarburgensis was a 
widespread species in Europe (text fig. 199) and extended 
along the southern margin of Tethys at least as far as the 
equator (text fig. 200). Within this region local distribution 
was largely related to the development of argillaceous facıes 
(see Section 8). The absence of the species from such facies in 
the Kimmeridgian of N. W. Europe is roughly correlated 
with its first occurrence at the southerly palaeolatitude of 
Tanzania (see Section 5) and seems to imply a wholesale 
southward migration. 


7. DESCRIPTION OF ECOLOGY 


R. scarburgensis occurs commonly in clays ofthe Lamberti 
zone (U. Callovian) in Buckinghamshire (J. Hupson and 
PALFRAMAN, 1969) in association with a benthic fauna domi- 
nated by Pinna and Gryphaea. The maximum height attained 
is 50 mm (OUM ]J9548). The species ıs also quite common in 
roughly contemporaneous chamosite oolith-bearing sand- 
stones in Yorkshire (Hackness Rock). Young and Bırp (1822) 
cite specimens 3’’ (76 mm) long from this horizon although 
the largest known museum specimen (Durr, 1978) has a 
length of only 41.5 mm (H: =48). 


In France, R. scarburgensis is quite common in the 
U. Callovian clays of the Dijon area (DM) where amaxımum 
height of 55 mm is attained. Numerous ‘Callovian’ museum 
specimens (MNO) from Normandy and Sarthe are almost 
certainly derived from similar facies and may well be contem- 
poraneous. The maximum height is 76 mm. Although not 
common R. scarburgensis also occurs in argillaceous facies in 
the U. Callovian of Dorset (BM unnumbered), E. Spain 
(BEHMEL, 1970), central Russia (Borıssıak and Ivanorr, 1917) 
and S. Israel (R. Hupson, 1958). Other Callovian records are 
limited to two specimens (BM LL30877-8) from muddy sand- 
stones in Portugal, an indeterminate number of specimens, 


Text fig. 199: Radulopecten scarburgensis — European distribution. 
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Text fig. 200: Radulopecten scarburgensis - World distribution (Callovian reconstruction). 


probably from similar facies, in the Caucasus (Borıssıak and 
Ivanorr, 1917) and the few specimens from the lowest sub- 
stage mentioned in Section 5. 


The great majority of Callovian examples of R. scar- 
burgensis have initially high original plicae which subse- 
quently undergo an allometric reduction in height such that 
the comarginal lamellae on the left valve, after being widely 
spaced early in ontogeny, become relatively closely spaced. 
The original plicae are usually fairly wide throughout on- 
togeny so that development of intercalary plicae is not com- 
mon. Pl. 10, Fig. 28 illustrates a typical specimen. 


In the L. Oxfordian R. scarburgensis occurs quite com- 
monly inthe “Terrain ä Chailles’ of Alsace (RoEDEr, 1882) and 
the Yonne (Peron, 1905). The species also occurs commonly 
in the marls and marly limestones of the ‘Oxfordien Superieur 
et Moyen’ of the Ledonian Jura (DE Lorıor, 1904) and in 
similar facies at an unspecified horizon in the Oxfordian of 
Sinai (Douvitt£, 1916). Museum specimens (NM) from the 
coral-rich U. Oxfordian sediments of Meurthe and Moselle 
are fairly common and reach a maximum height of 90 mm. 
Museum specimens (MNP) from similar facies in the U. Ox- 
fordian ofthe Yonne are also not uncommon and reach a max- 
imum height of 92 mm. R. scarburgensis does not appear to 
be common elsewhere in the Oxfordian. Specimens from the 
coral-rich L. Oxfordian of the Bernese Jura (DE LoRrıoL, 
1894), from coralliferous limestones and marls in the U. Ox- 
fordıan of the Rhone (Lissajous, 1910; Roman, 1926) and 
from clays of the L. Oxfordian in central England (BM 
LL7546) constitute the only other records where facies are 
known. 


A high proportion of Oxfordian specimens of R. scar- 
burgensis have initially low plicae but plical height usually in- 
creases ısometrically (e. g. Pl. 10, Fig. 27) as it also does in 
specimens with initially high plicae. Consequently forms 
with initially widely spaced and forms with initially closely 
spaced comarginal lamellae are both well represented but 
forms with closely spaced lamellae late in ontogeny are quite 
rare. A fairly high proportion of specimens have narrow orig- 


inal plicae late in ontogeny so development of intercalary 
plicae is quite frequent (e. g. Pl. 10, Fig. 27). 

All of the relatively few European Kimmeridgian records 
(see Section 5) excepting CONTEJEAN’s (1859) single specimen 
(from coral/Diceras facıes) are derived from argillaceous sed- 
iments. The pattern of ornamental variation is much the same 
asin the Oxfordian except that forms whose plicae undergo an 
allometric reduction in height (and which consequently have 
closely spaced lamellae late in ontogeny) are apparently ab- 
sent. Pl. 10, Fig. 29 ıllustrates a Kımmeridgian specimen. 


8. INTERPRETATION OF ECOLOGY 


It is clear from Section 7 that the low energy environment of 
argillaceous sedimentation was favourable for R. scarburgen- 
sis. The species could not, however, tolerate low energy con- 
ditions where accompanied by reduced oxygen tension (e. g. 
L. Oxford Clay of England). 


The isolated occurrence of numerous specimens of 
R. scarburgensis in arenaceous sediments inthe U. Callovian 
of Yorkshire indicates that high energy environments could 
be tolerated and this seems to be emphasised by the fairly 
common occurrence and large size of specimens in the coral- 
rich U. Oxfordian ofthe Yonne and Meurthe and Moselle. In 
the latter cases, however, the micritic matrix of museum 
specimens suggests that the species may have colonised low 
energy inter-reef lime muds. 


Chlamys septemradiata, a Recent free-living species which 
inhabits deep water muds in the First of Clyde (J. Auen, 
1953), is a close morphological analogue of R. scarburgensis. 


9. FUNCTIONAL MORPHOLOGY 


The small byssal notch and equal auricles of most speci- 
mens of R. scarburgensis imply abandonment of byssal fixa- 
tion ın favour ofreclining at an early age. Even in forms with a 
moderately deep byssal notch it ıs very doubtful whether at- 
tachment was maintained to heights anywhere near the max- 
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imum. All examples of the Recent analogue Ch. septem- 
radiata observed by the author, including specimens as small 
as H: 30, were free living. 


Ontogenetic increase in umbonal angle is paradigmatic for 
prolonging swimming ability, presumably as a means of es- 
caping predators. Shell thickening in large specimens is non- 
paradigmatic but may represent a switch to a ‘siege’ policy 
towards predators late in life. 


The lack of comarginal lamellae on the medial plicae of the 
right valve at all but the latest ontogenetic stages could be due 
to inhibited growth through contact with the substrate 
(STAESCHE, 1926) but is more probably due to swimming ac- 
tivity (see above) leading to abrasıon. 


10. ORIGINS AND EVOLUTION 


The most likely ancestor for R. scarburgensis ıs R. vagans. 
The important changes in morphology, the early develop- 
ment and relatively invarıiant number of initial plicae, could 
have been brought about by heterochronic acceleration and 
‘genetic assimilation’ (WappinGron, 1957) so modifications 
of the regulatory system may underlie the greater part of 
trans-specific evolution. 


There is no reason to suppose that the stratigraphic change 
in the mean form of the ornament of R. scarburgensis (see 
Section 7) is anything other than an evolutionary phenome- 
non. Since there appears to be no addition to the range of or- 
namental variation the change in mean form could have re- 
sulted purely from selection (1. e. without addition to the gene 
pool). The reason for this phyletic evolution ıs not apparent. 


The maximum height of available museum specimens in- 
creases from the Callovian (76 mm) to the Oxfordian 
(92 mm). The Kımmeridgian value (59 mm; BSPHG AS VII 
621) is derived from a very small sample (see Section 5) and 
therefore does not necessarily imply reversal of a phyletic 
trend towards greater size. Possibly conspecific specimens 
from the Tithonian (see Section 4) have a maximum height of 
170 mm. 


Although the Kimmeridgian decline of R. scarburgensis ıs 
contemporaneous with the first records of R. sigmaringensis 
there is no reason to suppose thai the former was outcom- 
peted by the latter as R. sigmaringensis ıs a very rare species 
in the Kimmeridgian. 


Radulopecten sigmaringensis (ROLLIER 1915) 
Pl. 11, Figs. 5, 6; text figs. 201, 202 


Synonymy 


v1858 _ Pecten subarmatus MUNSTER; QUENSTEDT, p. 754, 

pl. 72, figs. 8, 9 (non MÜNSTER sp.). 

Pecten (Aequipecten) Sıgmaringensis sp. nov; 

ROLLIER, p. 474. 

p 1926 Aequipecten subarmatus (MUNSTER); STAESCHE, 
p- 68 (non MUNSTER sp.). 


v” 1915 


Holotype (M) of Pecten (Aeqnipecten) Sıg- 
maringensis RoıLier 1915, p. 474; GPIT 
4-72-8; figured QuEnstEDT, 1858, pl. 72, 
figs. 8, 9; Pl. 11, Fig. 6 herein; H: 27.5, L: 24, 


HAASSSTAÄHESZEIDEL SZ TRETEN SEE 
PL: 12, UA:92;Malm & (L./M. Tithonian), 
Jungnau, S. W. Germany. 


1. ORIGINAL DIAGNOSIS AND DESCRIPTION 


‘Le ‘P.’ subarmatus figure par (QJUENSTEDT, JURA (1858), 
p. 754, 758, t. 92, f. 8-9, du Danubien infer. (W. Jurag) des 
environs de Sigmaringen (Hohrain) ne repond plus du tout ä 
l’espece du Crussolien, elle est beaucoup plus aigü (angle api- 
cal 88°) sans costules intermediaires, et portant des £cailles 
coniques, pointues. Je propose de l’appeler P. (Ae.) Sıg- 
maringensis sp. nov. ı. f. Qu. P. subarmatus, non GoLDF.’ 


2. AMENDED DIAGNOSIS 


Distinguished from all other species of Radulopecten by 
the spinose rather than lamellose ornament on the plicae. 
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Text fig. 201: Radulopecten sigmaringensis — heighv/length. 


3. AMENDED DESCRIPTION 


Essentially very similar to R. scarburgensis, differing only 
by the diagnostic feature (see Section 2; Pl. 11, Fig. 5), by the 
invariant number of original plicae (LV: 11, RV: 12), by the 
rarity of intercalary plicae and by the smaller maximum size 
(Lmax: 68; GPIT). H/L and H/UA are plotted in text 
figs. 201, 202. 


4. DISCUSSION 


A number of examples of the species described in Section 3 
in the GPIT are wrongly labelled Pecten subarmatus Muns- 
ter (= Radulopecten scarburgensis), including the specimen 
(Pl. 11, Fig. 6; 1) figured by Quensteor (1858). The latter 
formed the basıs for ‘P.’ (“Aequipecten’) Sigmaringensis RoL- 
Lırr and becomes ipso facto the holotype (M). 


StarschHr’s (1926) record of “Ae.’ subarmatus ıs discussed 
under R. scarburgensıs. 


60 
40 
+ 
+ 
H 
Lu 
vv 
20 
v 
T T I j | T T I 1 | j | | I 
80 90 100 110 


UA 


Text fig. 202: Radulopecten sigmaringensis — height/umbonal angle. 


5. STRATIGRAPHIC RANGE 


Three specimens (GPIT) from the Malm € (Kimmeridgian) 
constitute the earliest records of R. sigmaringensis. All other 
records are from the Malm £ (L./M. Tithonian) apart from a 
single specimen (MNS) from the ‘“Portlandian’ (U. Titho- 


nian). 
6. GEOGRAPHIC RANGE 


All records of R. sigmaringensis are from $. W. Germany 
except for the single U. Tithonian specimen which is from 
Nantua (French Jura). 


7. DESCRIPTION OF ECOLOGY 


Four of the twelve ‘Malm &’ specimens (GPIT[11], BM; 
see Section 5) are also labelled “Zementmergel’ and by the 
similarity of the matrix it seems probable that the remaining 
specimens are likewise derived from this formation, a 
L. Tithonian marl sequence. 


Specimens from the Kimmeridgian and U. Tithonian are 
derived from marly limestones. 


8. INTERPRETATION OF ECOLOGY 


The fine-grained sediments in which R. sigmaringensis ıs 
found probably afforded a soft substrate at the time of deposi- 
tion. 


9. FUNCTIONAL MORPHOLOGY 


Since R. sigmaringensis is morphologically almost identi- 
cal to R. scarburgensis a similar reclining mode of life after a 
brief byssate phase can be inferred. 


The function, if any, ofthe plical spines of R. sigmaringen- 
sis ıs, like the plical lamellae of R. scarburgensis, unclear. 

The fuller development on the left valve and small size of both 

spines and lamellae rules out any possibility that they might repre- 


sent a 'snow-shoe’ adaptation to the soft substrates occupied by 
R. sigmaringensis and R. scarburgensıis. 


10. ORIGINS AND EVOLUTION 


R. sıgmaringensis almost certainly arose from R. scar- 
burgensis and since the former species is first known within 
the geographic range of the latter the possibility of sympatric 
speciation cannot be ruled out. The development of spines 
rather than lamellae cannot be explained by heterochrony so 
trans-specific evolution probably involved some change in the 
structural genome. 


The few available specimens (16) give no indication of any 
phyletic trends in R. sigmaringensis. The largest specimen (L: 
68; GPIT) is from the L. Tithonian. 


Radulopecten inequicostatus (Young and Bırn 1822) 
Pl. 11, Figs. 2, 4, 7-9; text figs. 203-213 


Synonymy 


? 1820 Pectinites articulatus sp. nov; SCHLOTHEIM, p. 227. 
1822 Pecten inequicostatus sp. nov; YOUNG and BIRD, 
p- 235, pl. 9, fig. 7. 
1829 Pecten inaequicostata sp. nov; PHILLIPS, p. 129, 
pl. 4, fig. 40. 
Pecten articulatus (SCHLOTHEIM); GOLDFUSS, 
p- 47, pl. 90, fig. 10. 
1836 Pecten octocostatus sp. nov; ROEMER, p. 69, pl. 3, 
fig. 18. 
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Text fig. 203: Radulopecten inequicostatus — heighr/length. 
1839 Pecten septemcostatus sp. nov; ROEMER, p. 212. 1866 Pecten inaequicostatus PHILLIPS; OPPEL, p. 290. 
? 1839 Pecten inaequicostata PHILLIPS; BEAN, p. 60. 1872 Pecten inaequicostatus PHILLIPS; DE LORIOLetal., 
v*1850 Pecten corallinus sp. nov; D’ORBIGNY, v. 2, p. 22 p- 388. 
(BOULE, 1929, v. 18, p. 172, pl. 19, fig. 18). 1881 Pecten inaeguicostatus PHILLIPS; DE LORIOL, 
? 1852 Pecten biplex sp. nov; BUVIGNIER, p. 23, pl. 19, p- 87, pl. 12. 
figs. 1-6. ? 1883 _ Pecten inaequicostatus PHILLIPS; LAHUSEN, p. 22, 
non 1853  Pecten articulatus (SCHLOTHEIM); MORRIS and pl. 1, figs. 15, 16. 
EXCEIT, pP» 32, pl. 33, 416.012. 1893 Chlamys (Pecten) inaequicostata (PHILLIPS); 
non 1853 Pecten articnlatus (SCHLOTHEIM); CHAPUIS and SIEMIRADZKI, p. 118. 
DEWALQUE, p. 212, pl. 29, fig. 3. 1893 Pecten inaequicostatus PHILLIPS; DE LORIOL, 
vnon 1858  Pecten articulatus (SCHLOTHEIM); QUENSTEDT, p- 301, pl. 32, figs. 13-15. 
p- 754, pl. 92, fig. 11. 1893 _ Pecten Ursannensis sp. nov; DE LORIOL, p. 311, 
1860  Pecten corallinus D’ORBIGNY; COQUAND, p. 79. pl. 33, figs. 5-7. 
1862 Pecten octocostatus ROEMER; THURMANN and 1894 Pecten inaequicostatus PHILLIPS; DE LORIOL, p. 44. 
ETALLON, p. 252, pl. 35, fig. 7. 1895 _ Pecten Neckeri sp. nov; DE LORIOL, p. 43, pl. 10, 
non 1862 Pecten articulatus (SCHLOTHEIM); THURMANN and fig. 5. 
ETALLON, p. 255, pl. 36, fig. 2. ? 1896 _ Pecten inaequicostatus PHILLIPS; SEMENOW, p. 63. 
? 1862 Pecten semiplicatus sp. nov; 'THURMANN and non 1898 Pecten articulatus (SCHLOTHEIM); GREPPIN, p. 128. 
ETALLON, p- 261, pl. 36, fig. 17. v 1905 Pecten inaequicostatus PHILLIPS; PERON, p. 218. 
1863 Pecten inaequicostatus PHILLIPS; LYCETT, p. 32, ? 1905 Pecten (Aequipecten) octocostatus ROEMER; 
pl. 33, fig. 1 (non fig. 1a). KıLıan and GUEBHARD, p. 766. 
1864 Pecten inaequicostatus PHILLIPS; V. SEEBACH, ? 1905 Pecten (Aeqnipecten) cf. inaeqnicostatus PHILLIPS; | 


P&=97: 


KıLıan and GUEBHARD, p. 805. 


? 1915 Pecten sp. (inaequicostatus PHILLIPS?); KRENKEL, 


p- 297. 
? 1915 Pecten sp. (sp. nova?); KRENKEL, p. 298. 
v*non 1916 Chlamys articulata var. notgroviensis var. nov; 
PARIS and RICHARDSON, p. 525, pl. 45, fig. 2. 
v*non 1916 Chlamys artıculata var. sauzeana var. nov; PARIS 


and RICHARDSON, p. 526, pl. 45, figs. 3a, 3b. 
non 1920 Pecten articulatus (SCHLOTHEIM); FAURE-MAR- 
GUERIT, p. 59. 
non 1920 Pecten articulatus (SCHLOTHEIM) var. passant a 
Pecten anastomoplicus GEMMELLARO and Di 
BLASI; FAURE-MARGUERIT, p. 59. 
221925; Pecten cf. inaequicostatus PHILLIPS; READ et al., 
p- 81. 
1926 Chlamys inaequicostata (PHILLIPS); ROMAN, 
p- 194. 
v 1926 Aequipecten inaequicostatus (PHILLIPS); ARKELL, 
p- 545, pl. 34, fig. 1. 
v193la Chlamys (Radulopecten) inaequicostatus (PHIL- 
LIPS); ARKELL, p. 118, (1930a) pl. 8, figs. 4-7. 
1935a  Chlamys inequicostata (YOUNG and BIRD); AR- 
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1936a Chlamys (Radulopecten) inequicostata (YOUNG 
and BIRD); ARKELL, pl. 52, figs. 1, 3. 
? 1936 Aequipecten biplex (BUVIGNIER); DECHASEAUX, 
p. 150. 
1936  Aegquipecten inaequicostatus (PHILLIPS); DECHAS- 
EAUX, p. 51, pl. 7, fig. 6. 
1936 Aequipecten ursannensis (DE LORIOL); DECHAS- 
EAUX, p. 57, pl. 8, fig. 7. 
?1936  Aeguipecten semiplicatus (ETALLON); DECHAS- 
EAUX, p. 58. 
1958 __ Chlamys (Radulopecten) cf. inaequicostata (PHIL- 
LIPS); R. HUDSON, p. 423. 
?1959  Chlamys (Radulopecten) nagatakensis KURATA 
and KIMURA; TAMURA, p. 58, pl. 6, figs. 31, 32. 
1965 Chlamys (Radulopecten) inaequicostata (PHIL- 
LIPS); Cox, p. 59, pl. 7, fig. 6. 
1971 Chlamys (Radulopecten) inaequicostata (PHIL- 
LIPS); WORSSAM and IVIMEY-COOK, p. 40. 


Neotype of Pecten inequicostatus YOUNG 
and Bırv 1822, p. 235, pl. 9, fig. 7 designated 


KELL, p. xiv. ; : : 
1935a  Chlamys (Aeqnipecten) sp; COX, p. 177, pl. 23, herein; BM 23173; Pl. 11, Fig. 8 herein; 
fig. 8. Corallian (Oxfordian), Malton, Yorkshire. 
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Text fig. 204: Radulopecten inequicostatus — height/umbonal angle. 


1. ORIGINAL DIAGNOSIS AND DESCRIPTION 


‘Nos. 2 and 7 are of that class of pectens which have a 
crooked appearance, leaning or bending to one side... 


No. 7, similar in shape [to p.’ Roseburiensis and ‘p.’ 
plagiostomus], is from the oolite. It has seven or eight ribs, of 
which those in the middle are vastly larger than those on either 
side. If it is not the p. flavicans, we might name it p. in- 
equicostatus. 


2. AMENDED DIAGNOSIS 


Distinguished from all other species of Radulopecten by 
the inequality of the initial plicae. 


3. AMENDED DESCRIPTION 


Essentially very similar to R. vagans. Differing by the 
diagnostic feature (see Section 2); by the consistently early 
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Text fig. 205: Radulopecten inequicostatus — depth of byssal notch/length. 
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Text fig. 206: Radulopecten inequicostatus — height of anterior auricle/length. 


development of plicae, relatively invariant number of initial 
plicae (5-9; text fig. 211) and rarity of intercalary plicae; by 
the consistently wide spacing of the plical lamellae on the left 
valve and lack of lamellae on the right valve, even ın large 
specimens (Pl. 11, Fig. 9); by the greater convexity, thicker 
shell (Pl. 11, Fig. 4) and more common attainment of a large 
size (see Section 7; Hmax: 75; MNP); by the ontogenetic de- 
crease ın H/L (text fig. 203) and by the marked ontogenetic 
increase in umbonal angle and larger mean H/UA (text 
fig. 204). Other metric proportions are plotted in text 
figs. 205-210. 

Although the plicae are of unequal size in any individual 
the pattern of variation is relatively consistent between 
individuals, with the medial and antero-medial plicae usually 
the widest. 


4. DISCUSSION 


Most authors have applied PHirLırs (1829) name inae- 
quicostatus to the species described in Section 3. However, 
Arkeıı (1935a) pointed out that Young and Bırp (1822) de- 


scribed and figured an undoubted example of the species de- 
scribed in Section 3 under ‘pecten’ inequicostatus and that 
this name should therefore be the senior synonym. YOUNG 
and Bırp’s specimen is without doubt lost so a neotype (BM 
23173; Pl. 11, Fig. 8) is herein designated. 


A figured specimen assigned to ‘P.’ inaequicostatus PHiL- 
ıırs by Lanusen (1883) ıs derived from an unusually early 
horizon (Callovian; see Section 5) and has 12 plicae and ab- 
normally low values of HAA/L and N/L (1). It more proba- 
bly belongs to Radulopecten scarburgensis. In view of the 
possibility of confusion for R. scarburgensis unfigured Cal- 
lovian specimens either assigned to (BEan, 1839; LycEtT, 
1863; SEMENoWw, 1896) or compared with (Krenker, 1915; 
Read et al., 1925) PHıLLips’s species can only be tentatively 
accepted as representatives of R. inequicostatus. LycEtr’s 
(1863) misuse of PhirLips’s specific name for a L. Callovian 
specimen of R. vagans is discussed under the latter species. 
Kırıan and Gu£sHarn’s (1905) record of ‘P.’ (“Aeguipecten’) 
cf. inaequicostatus from the ‘U. Kimmeridgian-L. Portlan- 
dian’ can only be tentatively synonymised in view of the ex- 
ceptionally late stratigraphic horizon and lack of a figure. 
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Text fig. 207: Radulopecten inequicostatus — intersinal distance on left valve/length. 
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Text fig. 208: Radulopecten inequicostatus — intersinal distance on right valve/length. 


The figure of ‘P.’ biplex Buvicnier (2) depicts a specimen 
which is in many respects similar to R. inequicostatus but 
which appears to possess the intercalary plicae more charac- 
teristic of R. vagans. DEcHasEAUx (1936), who may have had 
access to the specimen, has allied Buvisnier’s species with 
“Aeqnipecten’ inaequicostatus (PhiLLirs). The latter author 
allied Erarıon’s species ‘P.’ semiplicatus with ‘Ae.’ vagans 
but the original description specifies its closeness to ROEMER’S 
(1836) species “P.’ octocostatus (emend. septemcostatus 


1839), an undoubted synonym of R. inequicostatus. KıLıan 
and Gu£sHarD’s (1905) unillustrated record of ‘P.’ (‘Ae.’) oc- 
tocostatus from the Callovian can only be tentatively 
synonymised owing to the possibility of confusion for 
R. scarburgensis (see above). 

The figures of ‘P.’ Neckeri pe Lorıor and ‘P.’ Ursannen- 
sis DE Lorıor both depict specimens with 6 plicae and merric 
proportions of the former (3) are indistinguishable from 
R. inequicostatus. H/UA of the latter (4) is abnormally low 
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Text fig. 209: Radulopecten inequicostatus — anterior hinge length/length. 
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Text fig. 210: Radulopecten inequicostatus — posterior hinge length/length. 


but this could be due to inaccurate drawing and is no basis for 
a specific separation. 

The ornament of the remaining syntypes of ‘P.’ corallinus 
D’Orsıcny (MNO 4290, 4290B) ıs indistinguishable from 
R. inequicostatus. The exceptionally high HAA/L and PH/L 
(5) of MNO 429 is herein considered to represent extreme 
variation within R. inequicostatns. 


The author has been unable to trace the original description 
of ‘Chlamys’ (R.) nagatakensis Kurara and Kımura. Tan- 
ura’s (1959) use of the name is for a specimen from Japan said 
to differ from ‘Ch.’ (R.) inaequicostata (PuLLirs) only by the 
presence of striae on the plicae. Since this is in fact a feature of 
well preserved examples of PhirLps’s species (= R. in- 
equicostatus) TAMURA’s specimen may well be conspecific and 
KuraTa and Kımura’s species synonymous with R. in- 
equicostatus. 


Cox (1935a) compared a specimen from Somalia with Pnir- 
Lıps’ species. The illustration leaves little doubt that it is an ex- 
ample of R. inequicostatus. 


The affınities of ‘“Pectinites’ artıcnlatus SCHLOTHEIM and 
subsequent references thereto are discussed under Ch. (Ch.) 
textoria. Should it turn out that SCHLOTHEIM’s type material is 
in fact representative of the species described in Section 3 an 
application to the ICZN for suppression of ‘Pe.’ articnlatus 
might be considered in the interests of stable nomenclature. 


5. STRATIGRAPHIC RANGE 


Four specimens (GPIT; Pl. 11, Fıg. 2) from the Great Ool- 
ite (Bathonian) constitute the earliest records of R. ineguicos- 
tatus. Certain Callovian records are restricted to two rather 
poorly preserved specimens (YM 592f, BM L21817) from the 
U. Cornbrash of Yorkshire. BrıIGHTON (pers. comm. in Cox 
and Arkeıı, 1948: 13) has shown that Lycerr’s (1863) figured 
specimen of ‘P.’ inaequicostatus Philips, supposedly from 
the U. Cornbrash of Yorkshire, is in fact derived from the 
Oxfordian. Doubtfully conspecific specimens from the Cal- 
lovian either referred to or compared with species which are 
synonymous with R. inequicostatus are discussed in Sec- 
tion 4. 
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Text fig. 211: Radulopecten inequicostatus — frequency distribu- 
tion for number of plicae on left valve. 


Two specimens from the ‘Rauracien Inferieur’ of the Swiss 
Jura (pe Lorıor, 1894) constitute the only certain records 
from the L. Oxfordian but R. ineguicostatus is locally abun- 
dant ın the M. and U. Oxfordian (see Section 7). 

Certain Kimmeridgıan records are restricted to the eastern 
Jura (De Lorıor, 1881) and to the southern and eastern parts 
of the Paris Basin (MNP; DecHaseaux, 1936). R. inequicos- 
tatus is recorded from the Oxfordian/Kimmeridgian of 
Haute Marne (pE LorıoL et al., 1872), Charente Maritime 
(Coouanp, 1860) and Poland (Sırmıranzkı, 1893). 

There are no certain records of R. inequicostatus after the 
Kimmeridgian. A Tithonian specimen referred to ‘P.’ (“Ae- 
quipecten’) cf. inaequicostatus Pruurs by Kırıan and 
GuUEBHARD (1905) ıs discussed in Section 4. 


6. GEOGRAPHIC RANGE 


Within Europe (text fig. 212) common occurrences of 
R. inequicostatus are strongly correlated with the develop- 
ment of coral reef facies (see Section 7). However, within 
such facies there appears to be a northward diminution in 
numbers, probably due to a temperature restriction. Com- 
pared with its abundance in reef facies ın France and Switzer- 
land R. inequicostatus is rare in reefal and peri-reefal sedi- 
ments ın Yorkshire. Only 12 museum specimens (YM 204, 
559[2]; BM 23173, 23347, 23359, 23363, 47148[2]; SbM 
P141, P149; SM) are known and intensive field work by the 
author has brought to light only two more somewhat ques- 


tionable examples. 
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Text fig. 212: Radulopecten inequicostatus — European distribution. 


224 


Text fig. 213: Radulopecten inequicostatus - World distribution (Callovian reconstruction). 


To the south of Europe (text fig. 213) R. ineguicostatus ıs 
known as farawayaasE. Africa (Cox, 1935a, 1965) and to the 
east it may extend to Japan (see Section 4). 


7 DESERIPIION OFFECOLOGY 


R. inequicostatus is reported (PEron, 1905) to be the most 
abundant pectinid in the Oxfordian of the Yonne region and 
to be entirely restricted to the coral reef facies, where it 
reaches a maxımum height of 75 mm (MNP). The associated 
fauna is described on p. 88. The species is likewise common 
(reaching a maximum height of 65 mm) in the Oxfordian 
coral reef facies in the Swiss Jura (DE Lorıor, 1893) and the 
coral-rich U. Oxfordian sediments of Meurthe and Moselle 
have also yielded numerous specimens (NM; Hmax: 54). 
R. inequicostatus is not known to be common elsewhere in 
the Oxfordian but with the exception of solitary specimens 
cited by DE Lorıor (1895) and Cox (1935a) all records (text 
figs. 212, 213) are associated with corals, or coral-dwelling, or 
facultatively coral-dwelling pectinids (see p. 88). Most, if 
not all, of the Kimmeridgian and Oxfordian/Kimmeridgian 
records (see Section 5) are similarly associated. 


8. INTERPRETATION OF ECOLOGY 


It is clear from Section 7 that for at least part of its life his- 
tory R. inequicostatus was heavily reliant on corals in some 
way. The absence of the species from apparently suitable cor- 
al-rich sediments in the L. Kimmeridgian of Montbeliard 
(CONTEJEAN, 1859) is at present inexplicable. 

There ıs no evidence of competition with Chlamys (Ch.) 
textoria, a species which in reefs probably occupied the same 
microhabitats as at least juveniles of R. inequicostatus (see 
Section 9). 


9. FUNCTIONAL MORPHOLOGY 


Like the Spondylopecten species with which it usually oc- 
curs, R. inequicostatus hasathick and relatively convex shell, 


thus the ‘wedged’ mode of life suggested for the former group 
might be inferred for the latter species. However, the lack of 
plical lamellae on the right valve argues against such a conclu- 
sion and suggests amore conventional mode of life with only 
the right valve ever in contact with the substrate. The presence 
ofabyssal notch indicates that the species was byssate, at least 
when young, and the association with corals implies that the 
latter provided the attachment surface. Adults may have been 
forced to recline by virtue of their large size and thick shells. 


The irregular ornament, high convexity and thick shell of 
R. inequicostatus would have greatly hindered swimming 
and in spite of ontogenetic increase in the umbonal angle it 
seems likely that adult anımals were essentially sessile. The 
high convexity and thick shell probably facilitated a ‘siege’ 
policy against predators. 


10. ORIGINS AND EVOLUTION 


R. inequicostatus undoubtedly evolved from R. vagans. 
Evolution of aform with a relatively invarıant number of ini- 
tial plicae, consistently developed early in ontogeny,and with 
consistently widely spaced plical lamellae and rare intercalary 
plicae, is apparently a case of ‘genetic assimilation’ (WaD- 
DINGTON, 1957) and as such implies regulatory change. Other 
morphological changes (see Section 3) may imply evolution 
of the structural genome. 


There are apparently no phyletic changes in R. inequicos- 
tatus. Maximum height in the Kımmeridgian (41 mm; MNP) 
is considerably less than in the Oxfordian (75 mm) but this is 
probably a reflection of the restricted sample (see Section 5) 
rather than an evolutionary reduction in size. 


The paucity of Callovian records of R. inequicostatus is 
probably due to the scarcity of coralliferous facıes in Europe 
at this time. However, there is no scarcity of coralliferous 
facies to account for the apparent extinction of the species in 
the Tithonian. A deterministic explanation for the demise of 
R. inequicostatus is as yet unavailable. 


[557 
m 
[971 


BIBEIOGRABEN 


ABEL, ©. (1897): Die Tithonschichten von Niederfellabrunn in Nie- 
derösterreich und deren Beziehungen zur unteren Wolga- 
stufe. — Verh. K. K. geol. Reichsanst., Wien, Year 1897: 
343-362; Wien. 

AGER, D. V., DONoVvAn, D. I., KENNEDY, W. J., MCKERROW, W. 
$., MUDGE, D. C. & SELLWOOD, B. W. (1973): The Cotswold 
Hills. - Geologist’s Association Guide, Nr. 36: 34 pp; Col- 
chester (Benham). 

ALENCASTA DE CSERNA, G. & ESTELA BUITRON, B. (1965): Estrati- 
grafia y Paleontologia del Jurasico superior de la parte cen- 
tromeridional del Estado de Puebla. Parte II. Fauna del Jura- 
sico superior de la region de Petlalcingo, Estado de Puebla. — 
Paleont. mex., Nr. 21: 53 pp; Mexico. 

ALLASINAZ, A. (1972): Revisione dei Pettinidi trıassıcı. — Riv. ital. 
Paleont. Stratigr., 78: 189-428; Milano. 

ALLEN, H. A. (1905): Catalogue of types and figured specimens of 
British Lamellibranchiata from the Rhaetic Beds and Lias, 
preserved in the Museum of Practical Geology, London. — 
Mem. geol. Surv. Summ. Progr., Year 1904: 172-178; Lon- 
don. 

ALLEN, J. A. (1953): Observations on the epifauna of the deep water 
muds of the Clyde Sea area, with special reference to Chlamys 
septemradiata. — J. Anım. Ecol., 22: 240-260; Oxford. 

ALTH, A. (1882): Die Versteinerungen des Nizniower Kalksteines. — 
Beitr. Paläont. Geol. Öst.-Ung., 1: 183-332; Wien. 

ANDERSON, F. W. & BAZLEY,R. A. B. (1971): The Purbeck Beds of 
the Weald (England). — Bull. geol. Surv. Gt. Br., Nr. 34: 
1-138; London. 

ANDLER (1858): Über die Angulaten-Schichten in der Württemberg- 
ischen Jura-Formation. — Neues Jb. Miner. Geol., Year 1858: 
641-645; Stuttgart. 

ARKELL, W. J. (1926): Studies in the Corallian Lamellibranch Fauna 
of Oxford, Berks., and Wilts. II. Pectinidae.-Geol. Mag., 43: 
534-555; London. 

— — (1928): Aspects of the ecology of certain fossil coral reefs. - ]. 
Ecol., 16: 134-139; London. 

— — (1929a-37a): A monograph of British Corallian Lamelli- 
branchs. — Palaeontogr. Soc. [Monogr.], (1), 1929: 1-72; (2), 
1930: 73-104; (3), 1931: 105-132; (4), 1932: 133-180; (5), 
1933: 181-228; (6), 1934: 229-276; (7), 1934: 277-324; (8), 
1935: 325-350, I-XVI; (9), 1936: 351-376, xvüi-xxii; (10), 
1937: 377-392, xxiu-xxxvii; London. 

— — (1931b): Berechtigungen der Identität gewisser jurassischer 
Pecten-Arten. — Zentbl. Min., Year 1931 (B): 430-443; Stutt- 
gart. 

— — (1936b): The Corallian beds of Dorset. Part I. The Coast.- 
Proc. Dorset nat. Hist. archaeol. Soc., 57: 59-93; Dorchester. 

— — (1956): Jurassic Geology of the World. - 757pp, Edinburgh 
(Oliver & Boyd). 

BARBULESCU, A. (1961): Contributii la studiul Jurasicului din Valea 
Tichilestilor (R. Hirsova). — Studii Cerc. Geol., 6: 699-708; 
Bucuresti. 

— — (1971): Les facies du Jurassique dans la partie ouest de la 
Dobrogea centrale (Roumanie). -— Ann. Inst. Geol. Publ. 
Hungar, 54: 225-232; Budapest. 

BAYLE, E. (1878). Explication de la carte Geologique de la France, 
Atlas- Premiere Partie. Fossiles principaux des terrains. — 4: 
158 plates; Paris (Impr. Nationale). 

BEAN, W. (1839): A catalogue of the fossils found in the Cornbrash 
limestone of Scarborough with Figures and Descriptions of 
some of the undescribed Species. — Mag. nat. hist. (N. S.), 3: 
57-62; London. 

BEHMEL, H. (1970): Beiträge zur Stratigraphie und Paläontologie des 
Juras von Östspanien. V. Stratigraphie und Fazies im präbeti- 
schen Jura von Albacete und Nord Murcia. — Neues Jb. Geol. 
Paläont. Abh., 137: 1-102; Stuttgart. 

BEHMEL, H. and GEYER, O. F. (1966): Beiträge zur Stratigraphie und 
Paläontologie des Juras von Östspanien. III. Stratigraphie und 
Fossilführung im Unterjura von Albarracin (Provinz Teruel). 
— Neues Jb. Geol. Paläont. Abh., 124: 1-52; Stuttgart. 


BEHRENDSEN, ©. (1891): Zur Geologie des Ostabhanges der 
argentinischen Cordillere. 1 Theil.-Zeit. dt. geol. Ges., 43: 
369-402; Berlin. 

BENECKE, E. W. (1898): Beitrag zur Kenntnis der Jura in Deutsch- 
Lothringen. Abh. geol. Spez.-Karte. Els.-Loth. (N. S.), 1: 
1-97; Straßburg. 

BERRIDGE, N. G. & IVIMEY-CooK, H. (1967): The geology ofa Geo- 
logical Survey borehole at Lossiemouth, Morayshire. — Bull. 
geol. Surv. Gt. Br., Nr. 27: 155-169; London. 

BETTONI, A. (1900): Fossili Domeriani della provincıa di Brescia. — 
Abh. schweiz. paläont. Ges., 27: 1-88; Zürich. 

BEU, A. G. (1966): Ecological variation of Chlamys dieffenbachi 
(REEVE) (Mollusca, Lamellibranchia). - Trans. R. Soc. N. Z. 
(Zool.), 7: 93-96; Dunedin. 

BISTRAM, A. F. (1903): Beiträge zur Kenntnis des unteren Lias in der 
Val Solda. - 99 pp; Freiburg (Dissertation). 

BLAKE, J. F. (1875): On the Kimmeridge Clay of England. - Q. Jl. 
geol. Soc. Lond., 31: 196-237; London. 

BLANCHET, F. (1923): La faune du Tithonique inferieur des regions 
subalpines et ses rapports avec celle du Jura franconien. Bull. 
Soc. geol. Fr. (4), 23: 70-80; Paris. 

BLASCHKE, F. (1911): Zur Tithonfauna von Stramberg in Mähren. — 
Annln. naturh. Mus. Wien, 25: 143-222; Wien. 


BLooMm, $. A. (1975): The motile escape response of a sessile prey. A 
sponge-scallop mutualism. — J. exp. mar. Biol. Ecol., 17: 
311-321; Amsterdam. 

BLUTHGEN, J. (1936): Die Fauna und Stratigraphie des Oberjura und 
der Unterkreide von König Karl Land. — 91pp; Grimmen in 
Pommern (Grimmer Kreis-Zeitung). 

BODEN, K. (1911): Die Fauna des Unteren Oxford von Popilany in 
Lithauen. — Geol. paläont. Abh. (N. S.), 10: 125-199; Jena. 


BOEHM, G. (1881a): Die Fauna des Kelheimer Diceras-Kalkes: 
Zweite Abteilung — Bivalven. — Palaeontographica, 28: 
141-192; Stuttgart. 

— — (1881b): Die Bivalven der Schichten des Diceras Munsteri 
(Diceraskalk) von Kelheim. - Z. dt. geol. Ges., 33: 67-74; 
Berlin. 

— — (1883): Die Bivalven der Stramberger Schichten. — Palaeonto- 
graphica, Supp. Il: 493-680; Cassel. 


BÖHM, J. (1901): Über die Fauna der Pereiros-Schichten. - Z. dt. 
geol. Ges., 53: 211-252; Berlin. 

BONARELLI, G. (1895): Fossili Domeriani della Brianza. - Re. Ist. 
lomb. Sci. Lett. (2), 28: 326-341; Milano. 

BORISSIAK, A. & IVANOFF, E. (1917): Les Pelecypodes des couches 
jurassiques de la Russie d’Europe. V. Pectinidae. — Trüdy 
geol. Kom., Nr. 143: 1-58; S. Peterburg. 

BOTTO-MiccA, L. (1893): Fossili degli strati a Lioceras opalınum 
REın. e Ludwigia murchisonae SOW. della Croce dı Valpore 
(M. Grapa), Provincia di Treviso. — Boll. Soc. geol. ital., 12: 
143-193; Roma. 

BOULE, M. (1906-32): Types du Prodrome de paleontologie strati- 
graphique universelle de ALCIDE D’ORBIGNY. — Annls. Pale- 
ont., 1906, 1: 79-100, 165-172, 193-196; 1907, 2: 89-96, 
161-172; 1908, 3: 2540, 189-200; 1909, 4: 109-124, 153-164; 
1910, 5: 65-88; 1911, 6: 65-92; 1912, 7: 73-104; 1923, 12: 
149-176; 1925, 14: 133-164; 1927, 16: 103-132; 1928, 17: 
49-80; 1929, 18: 141-176; 1931, 20: 1-40, 165-184; 1932, 21: 
1-30; Paris. 

BRADSHAW, M. J. (1978): A facies analysis of the Bathonian of 
Eastern England. - Unpubl. M. S. D. Phil., Univ. Oxford: 
467 pp. 

BRANCO, W. (1879): Der untere Dogger Deutsch-Lothringens. — 
Abh. geol. Spez.-Karte. Els.-Loth., 2: 1-155; Straßburg. 

BRASIL, L. (1895): Observations sur le Bajocien de Normandie. — 
Bull. Lab. Geol. Fac. Sci. Caen, Year 1895: 1-21; Caen. 

BrAUNS, D. (1871): Der untere Jura im nordwestlichen Deutschland 
von der Grenze der Trias bis zu den Amaltheenthonen mit be- 
sonderer Berücksichtigung seiner Molluskfauna. — 493 pp; 
Braunschweig (Vieweg). 


226 


— — (1874): Der obere Jura im nordwestlichen Deutschland. — 
434 pp; Braunschweig (Vieweg). 

BRONN, H. G. (1852): Lethaea geognostica (2). — 412 pp; Stuttgart. 

BROOKFIELD, M. (1973): Palaeogeography of the Upper Oxfordian 
and Lower Kimmeridgian (Jurassic) in Britain. — Palaeogeogr. 
Palaeoclimatol. Palaeoecol., 14: 137-167; Amsterdam. 

— — (1978): The litostratigraphy ofthe upper Oxfordian and lower 
Kimmeridgian beds of South Dorset. — Proc. Geol. Ass., 89: 
1-32; Edinburgh. 

BROWN, T. (183749): Illustrations of the Fossil Conchology of 
Great Britain and Ireland. — 273 pp; London (Smith, Elder). 

BRUN, E. (1972): Food and feeding habits of Luidia ciliarıs (Echino- 
dermata: Asteroidea).—J. Mar. Biol. Ass. U. K.,52: 225-236; 
Plymouth. 

BUCH, C. L. voN (1839): Über den Jura in Deutschland. — Abh. dt. 
Akad. Wiss. Berl., Year 1837: 49-135; Berlin. 

BURCKHARDT, C. (1903): Beiträge zur Kenntnis der Jura- und 
Kreideformation der Cordillere (1). — Palaeontographica, 50: 
1-72; Stuttgart. 

BURNETT, A. L. (1960): The mechanism employed by the starfish As- 
terias forbesi to gain access to the interior of the bivalve Venus 
mercenaria. — Ecology, 41: 583-4; Durham, N. C. 

BUVIGNIER, A. (1852): Statistique geologique, mineralogique, mine- 
ralurgique et paleontologique du departement de la Meuse. 
Atlas. - 52 pp; Paris (Bailliere). 

CAPELLINI, G. (1866): Fossili infraliassici dei dintorni del golfo della 
Spezia. — Attı Accad. Scı. Ist. Bologna, 5: 413-486; Bologna. 

CARTER, R. M. (1968): On the biology and palaeontology of some 
predators of bivalved molluscs. — Palaeogeogr. Palaeoclima- 
tol. Palaececol., 4: 29-65; Amsterdam. 

— — (1972): Adaptations of British Chalk Bivalvia. — J. Paleont., 
43: 325-340; Lawrence, Kansas. 

CHANNON, P. J. (1950): New and enlarged Jurassic sections in the 
Cotswolds. — Proc. Geol. Ass., 61: 242-260; London. 

CHAPUIS, M. F. & DEWALQUE, M. G. (1853): Description des foss- 
iles des terrains secondaires de la province de Luxembourg. — 
Mem. Acad. r. Belge, 33: 303 pp; Bruxelles. 

CHAVAN, A. (1952): Les Pelecypodes des sables astartien de Corde- 
bugle (Calvados). — Schweiz. paläont. Abh., 69: 132pp; 
Zürich. 

CHOUBERT, G. (1938): Sur le Dogger du Haut - Atlas oriental.-C.r. 
hebd. Seanc. Acad. Scı., Paris, 206: 197-199; Paris. 
CLARK, G. R. II. (1971): The influence of water temperature on the 
morphology of Leptopecten latiauritus. — Veliger, 13: 

269-272; Berkeley. 

— — (1974): Calcification on an unstable substrate: Marginal 
growth in the mollusc Pecten diegensis. -Science, N. Y., 183: 
968-970; Washington. 

Cock, A. G. (1966): Genetical aspects of metrical growth and form 
in animals. -Q. Rev. Biol., 41: 131-190; Baltimore. 
CONTEJEAN, C. H. (1859): Etude de P’etage Kimmeridien dans les 
environs de Montbeliard et dans le Jura, la France et l’Angle- 
terre. - Mem. Soc. Emul. Doubs., Year 1858: 352 pp; Besan- 

gon. 

CoQUAUD, H. (1860): Description physique, geologique, paleonto- 
logique et mineralogique du departement de la Charente (2). - 
420 pp; Marseille (Barlatier). 

COSSMANN, M. (1900): Seconde note sur les mollusques du Bath- 
onien de St. - Gaultier (Indre). —- Bull. Soc. geol. Fr (3), 28: 
165-203; Paris. 

— — (1904): Note sur l’infralias de la Vendee et des Deux-Sevres 
(suite). — Bull. Soc. geol. Fr. (4), 3: 497-545; Paris. 

— — (1906): Quelques pelecypodes jurassiques de France. -C. r. 
Ass. fr. Avanc. Sci., Year 1906 (Lyons Congress): 11 pp; 
Parıs. 

— — (1907a): Troisieme note sur le Bathonien de Saint-Gaultier 
(Indre). — Bull. Soc. geol. Fr. (4), 10: 225-253; Paris. 

— — (1907 b): Description de quelques pelecypodes jurassiques re- 
ceueillis en France. - C. r. Ass. Fr. Avanc. Scı., Year 1907 
(Rheims Congress): 14 pp; Paris. 

— — (1907c): Paleontologie: pp. 10-70 - In: THIERY, P. & Coss- 
MANN, M.: Note sur le Callovien de la Haute Marne et speci- 
alement sur un gisement situ& dans la commune de Bricon. — 
Bull. Soc. Agrıc. Lett. Sci. Artes Haute Saöne, Year 1907 (2): 
79 pp; Vesoul. 


— — (1910): Description de quelques especes de l’oolithe bajo- 
cienne de Nuars (Nievre). —- Bull. Soc. Sci. hist. nat. Yonne, 
Year 1909: 1-13; Auxerre. 

— — (1911):Quelques pelecypodes jurassiques recueillis en France. 
- C. r. Ass. fr. Avanc. Sci., Year 1911 (Dijon Congress): 
10pp; Paris. 

— — (1912): Quelques pelecypodes jurassiques recueillis en France. 
-C. r. Ass. fr. Avanc. Sci., Year 1912 (Nimes Congress): 
I1 pp; Paris. 

— — (1914): Description de quelques pelecypodes jurassiques re- 
cueillis en France. - C. r. Ass. fr. Av. Sci., Year 1914 (Le 
Havre Congress): 48 pp; Paris. 

— — (1916): Etude complementaire sur le Charmouthien de la 
Vendee. — Bull. Soc. geol. Normandie, 33: 23-69; Le Havre. 

— — (1919): Bajocien-Bathonien dans le Nievre. - Bull. Soc. geol. 
Fr. (4), 18: 337459; Paris. 

— — (1921): Description de pelecypodes jurrassiques recueillis en 
France. - C. r. Ass. fr. Avanc. Sci., Year 1920 (Strasbourg 
Congress): 29pp; Paris. 

— — (1922): Description de pelecypodes jurassiques recueillis en 
France. -C. r. Ass. fr. Avanc. Sci., Year 1922 (Montpellier 
Congress): 21 pp; Paris. 

— — (1925): Sur quelques pelecypodes du Jurassique francaise. — 
Bull. Soc. geol. Fr. (4), 24: 654-671; Paris. 

COTTEAU, G. (1853-57): Etudes sur les mollusques fossiles du depar- 
tement de le Yonne. Pt. 1-(1), 1852: i-xlin; (2), 1853: 1-17; 
(3), 1854: 1847; (4), 1855: 48-124; (5), 1857: 125-144; Paris 
(Bailliere). 

Cox,L.R. (1926): Notes on the Lamellibranchia of the Black Marl of 
Black Ven and Stonebarrow. - Q. Jl. geol. Soc. Lond., 82: 
180-184; London. 

— — (1928): The Gastropod and Lamellibranch Molluscs from the 
Belemnite Marls. -Q. Jl. geol. Soc. Lond., 84: 233-245; Lon- 
don. 

— — (1935a): Jurassic Gastropoda and Lamellibranchia: 
pp- 148-197. - In: MACFADYEN, W. A. (ed.): The Geology of 
British Somaliland. II. The Mesozoic Palaeontology of British 
Somalıiland; London. 

— — (1935b): The Triassic, Jurassic, and Cretaceous Gastropoda 
and Lamellibranchia of the Attock District. - Mem. geol. 
Surv. India Palaeont. indica (N. $.), 20 (Mem. 5): 27 pp; Cal- 
cutta. 

— — (1936): Fossil Mollusca from southern Persia (Iran) and Bah- 
rein island. - Mem. geol. Surv. India Palaeont. indica (N. S.), 
22 (Mem. 2): 69pp; Calcutta. 

— — (1942): Notes on Jurassic Lamellibranchs. VII. On the genus 
Velata QUENSTEDT. — Proc. malac. Soc. Lond., 25: 119-124; 
London. 

— — (1952): The Jurassic Lamellibranch fauna of Cutch. (Kachh). 
Nr. 3. Families Pectinidae, Amusidae, Plicatulidae, Limidae, 
Ostreidae and Trigoniidae (supplement). - Mem. geol. surv. 
India Palaeont. indica (9), 3 (Mem. 4): 128 pp; Calcutta. 

— — (1965): Jurassic Bivalvia and Gastropoda from Tanganyika 
and Kenya. - Bull. Br. Mus. nat. Hist. (Geol.), Supp. 1: 
213 pp; London. 

Cox,L.R. & ARKELL, W. J. (1948-50): A survey of the Mollusca of 
the British Great Oolite Series. — Palaeontogr. Soc. [Mon- 
ogr.], (1) 1948: 1-48; (2), 1950: 49-105; London. 

CRAGIN, F. W. (1905): Paleontology of the Malone Jurassic Forma- 
tion of Texas. - Bull. U. S. geol. Surv., 266: 109 pp; Washing- 
ton. 

Cross, J. E. (1875): The Geology of North-West Lincolnshire. -Q. 
Jl. geol. Soc. London, 31: 115-130; London. 

DAHM, H. (1965): Stratigraphie und Paläogeographie im Kantabri- 
schen Jura (Spanien). -Beih. geol. Jb., 44: 13-54; Hannover. 

Dar Pıaz, G. (1912): Sulla fauna Batoniana del Monte Pastello nel 
Veronese. — Memorie Inst. geol. miner. Univ. Padova, 1: 
215-266; Padova. 

DAMBORENEA, $. E. & MANCENIDO, M. ©. (1979): On the palaeo- 
geographical distribution of the pectinid genus Weyla. - 
Palaeogeogr. Palaeoclimatol. Palaeoecol., 27: 85-102; Am- 
sterdam. 

Damon, R. (1860): A supplement to the Handbook to the Geology 
of Weymouth and the Island of Portland. —9 Plates, London 
(Stanford). 


— — (1880): A supplement to the Geology of Weymouth and the 
Isle of Portland. — 18 Plates, London (Stanford). 

DARESTE DE LA CHAVANNE, ]J. (1920): Fossiles Liasiques de la region 
de Guelma. — Mater. Carte geol. Alger. (1), Nr. 5: 72 pp; Al- 

er. 

Dean, W. T. (1954): Notes on part of the Upper Lias succession at 
Blea Wyke, Yorkshire. - Proc. Yorks. geol. polytech. Soc., 
29: 161-179; Hull. 

DECHASEAUX, C. (1936): Pectinid&s jurassiques de l’est du Bassin de 
Paris. - Annls. Paleont., 25: 1-148; Paris. 

DEFRANCE, M. J. L. (1825a): [Description of Pecten Incrustatus sp. 
nov.]: p. 253 — In: BLAINVILLE, H. DE: Dictionnaire des 
Sciences Naturelles par plusieurs professeurs du Jardin du roı. 
— 38; Strasbourg (Levrault). 

— — (1825b): M&moire geologique sur les terrains de la Normandie 
de M. DE CAUMONT. Mem. Soc. linn. Normandie, 2: p. 507; 
Caen. 

DE GREGORIO, A. (1884): Nota intorno ad alcune nuove conchiglia 
mioceniche de Sıcilian. — Naturalista sıcil., 3: 119-120; Pal- 
ermo. 

— — (1886a): Nota intorno a taluni fossili di Monte Erice di Sicilia. 
— Memorie Accad. Scı. Torino (2), 37: 665-676; Torino. 

— — (1886b): Monographie des fossiles de Ghelpa du sous-horizon 
Ghelpin DE GrECc. - Annls. G£ol. Paleont., Nr. 1:27 pp; Pa- 
lermo. 

— — (1886c): Monographie des fossiles de Valpore (Mont Grappa) 
du sous-horizon Grappin DE GREG. — Annls. G£ol. Paleont., 
Nr. 2: 20 pp; Palermo. 

— — (1886d): Monographie des fossiles de S. Vigilio du sous-hori- 
zon Grappin DE GREG. — Annls. Ge£ol. Paleont., Nr. 5: 
28 pp; Palermo. 

— — (1922): Monografia dei fossili titonici di Casale di sopra (Bu- 
sambra). - Annls. Geol. Paleont., Nr. 36: 28 pp; Palermo. 

DE LA BECHE, H. T. (1832): Handbuch der Geognosie. — 612 pp; 
Berlin (Duncker, Humblot). 

DENINGER, K. (1907): Die mesozoischen Formationen auf Sardinien. 
— Neues Jb. Miner. Geol. Paläont. Beilbd., 23: 435473; 
Stuttgart. 

DESHAYES, G. P. (1831): Description des coquilles caracteristiques 
des terrains. — 264 pp, Paris (Levrault). 

DHONDT, A.V. (1971): Systematic revision of Entolium, Propeam- 
ussium (Amussiidae) and Synoyclonema (Pectinidae, Bivalvia, 
Mollusca) of the European Boreal Cretaceous. — Bull. Inst. r. 
Sci. nat. Belg., 47, Nr. 32: 92 pp; Bruxelles. 

DIETL, G. (1977): The Aalenıan at the type locality. - Stuttg. Beitr. 
Naturk. (B), Nr. 30: 12 pp; Stuttgart. 

DIETRICH, W. ©. (1933): Zur Stratigraphie und Paläontologie der 
Tendaguruschichten. — Palaeontographica, 72: 1-86; Stutt- 
gart. 

Di STEFANO, G. (1886): Sul Lias inferiore dı Taormina e de’suoi dın- 
torni. — G. Sci. nat. econ. Palermo, 18: 135 pp; Palermo. 

— — (1891): A proposito di due Pettini dei calcari nero-lionata di 
Taormina. — Naturalista Sicil., 11: 61-64; Palermo. 

DOLLFUS, A. (1863): La Faune Kımmeridienne du Cap de l’Heve. — 
102 pp, Parıs. 

DonovaAn, D. T. (1953): The Jurassic and Cretaceous stratigraphy 
and palaeontology of Traill ©, East Greenland. — Meddr. 
Grönland, 111, Nr. 4: 150pp; Kjobenhavn. 

Doustäs, J. A. & ARKELL, W. J. (1928): The stratigraphical distri- 
bution of the Cornbrash. I. The southwestern area. - Q. Jl. 
geol. Soc. Lond., 84: 117-178; London. 

— — (1932): The stratigraphical distribution of the Cornbrash. II. 
The northeastern area. -Q. Jl. geol. Soc. Lond., 88: 112-170; 
London. 

DouviLL£, H. (1886): Examen des fossiles rapportes du Choa par 
M. AußRY. - Bull. Soc. geol. Fr. (3), 14: 223-241; Paris. 

— — (1916): Les terrains secondaires dans le massıf du Moghara: 
Paleontologie. Premiere partie. Terrains Triassiques et Juras- 
siques. -— Mem. Acad. Sci. Inst. Fr., 54; 1-84; Parıs. 

DouviLL£, H. & CossMAnN, M. (1925): Le Callovien du massif du 
Moghara. — Bull. Soc. geol. Fr. (4), 25: 303-328; Paris. 

DUBAR, G. (1925): Etudes sur le Lias des Pyrenees francaises. - Mem. 
Soc. geol. N., 9, Nr. 1: 332 pp; Paris. 

— — (1948): La Faune Domerienne du Jebel Bou-Dahar. - Notes 
Mem. Serv. Mines Carte geol. Maroc. Nr. 68: 248 pp; Rabat. 


227 


Durr, K.L. (1975): Palaeoecology of a bituminous shale- the Lower 
Oxford Clay of Central England. — Palaeontology, 18: 
443482; London. 

— — (1978): Bivalvia from the English Lower Oxford Clay (Middle 
Jurassic). —- Palaeontogr. Soc. [Monogr.]: 137 pp; London. 

DUMORTIER, E. (1864-74): Etudes paleontologiques sur les depots 
jurassiques du Bassin du Rhone. — 1, 1864; 187 pp; 2, 1867: 
252 pp; 3, 1869: 348 pp; 4, 1874: 335 pp; Paris. 

EMERSON, B.K. (1870): Die Liasmulde von Markoldendorf beı Ein- 
beck. - Z. dt. geol. Ges., 22: 271-334; Berlin. 

ERNST, W. (1923): Beiträge zur Paläontologie und Stratigraphie des 
nordwestdeutschen Jura. IV. Zur Stratigraphie und Fauna des 
Lias C im nordwestlichen Deutschland (Erster Teil). — Palae- 
ontographica, 65: 1-96; Stuttgart. 

ETALLON, A. (1863): Etude paleontologique sur le Jura graylois. — 
Mem. Soc. Emul. Doubs, 8: 221-506; Besangon. 

FAURE-MARGUERIT, G. (1920): Monographie paleontologique des 
assises coralligenes du promontoire de l’Echaillon (Isere). — 
Trav. Lab. G&ol. Univ. Grenoble, 12: 9-108; Grenoble. 

FAVRE, E. (1876): Description des fossiles du terrain Oxfordien des 
Alpes Fribourgeoises. - Abh. schweiz. paläont. Ges., 3: 1-75; 
Geneve. 

FEDER, H. M. (1970): Growth and predation by the ochre sea-star 
Pisaster ochraceus (BRANDT) ın Monterey Bay, California. — 
Ophelia, 8: 161-185; Helsingoer. 

FEDER, H. M. & CHRISTENSEN, A. M. (1966): Aspects of Asteroid 
Biology: pp. 87-128 - In: BOOLOOTIAN, R. A. (ed.): Physio- 
logy of Echinoderms; New York (Interscience). 

FIEBELKORN, M. (1893): Die norddeutschen Geschiebe der oberen 
Juraformation. - Z. dt. geol. Ges., 45: 378-450; Berlin. 

FISCHER, J.-C. (1964): Contribution ä l’etude de la faune bath- 
onienne dans la vallee de la Creuse (Indre): Brachiopodes et 
Molluscques. — Annls. Pal&ont. (Invert.), 50: 19-101; Paris. 

FISCHER, P. (1880-87): Manuel de Conchyliologie et de Paleontolo- 
gie Conchyliologique. — 1369 pp; Paris (Savy). 

FISCHER DE WALDHEIM, G. (1843): Revue des fossiles du gouverne- 
ment de Moscou. — Byull. mosk. Obschch. Ispyt. Prir., 16: 
100-140; Moscou. 

FREBOLD, H. (1957): The Jurassic Fernie Group in the Canadian 
Rocky Mountains and foothills. - Mem. geol. Surv. Brch. 
Can., Nr. 287: 197 pp; Ottawa. 

FRENTZEN, K. (1932): Paläobiologisches über die Korallenvorkom- 
men im oberen weißen Jura bei Nattheim, ©. A. Heidenheim. 
— Bad. geol. Abh., 4: 43-47; Karlsruhe. 

Fucını, A. (1906): Fauna della zona a Pentacrinus tuberculatus 
Mir. dı Gerfalco in Toscana. — Boll. Soc. geol. Ital., 25: 
613-654; Roma. 

— — (1920): Fossili domerianı dei dintorni di Taormina. — Palaeon- 
togr. Ital., 26: 75-116; Pisa. 

FÜRSICH, F. T. (1971): Hartgründe und Kondensation im Dogger 
von Calvados. — Neues ]Jb. Geol. Paläont. Abh., 138: 
313-342; Stuttgart. 

— — (1976): The use of macro-invertebrate associations in inter- 
preting Corallian (U. Jurassic) environments. — Palaeogeogr. 
Palaeoclimatol. Palaeoecol., 20: 236-256; Amsterdam. 

— — (1977): Corallian (Upper Jurassic) marine benthic associations 
from England and Normandy. - Palaeontology, 20: 337-385; 
London. 

FÜRSICH, F. T. & HUrsT, J. M. (1974): Environmental factors de- 
termining the distribution of brachiopods. — Palaeontology, 
17: 879-900; London. 

FUTTERER, K. (1894): Beiträge zur Kenntnis des Jura in Ost-Afrika. — 
Z. dt. geol. Ges., 46: 1-49; Berlin. 

GEMMELLARO, G. G. (1874): Sopra i fossili della zona con Terebra- 
tula aspasia MENEGHINI della provincia di Palermo e di Tra- 
pani. — G. Sci. nat. econ. Palermo, 10: 73-132; Palermo. 

— — (1875): Sullafauna delcalcarea Terebratulajaniıtor delnorddi 
Sicilia. - G. Sci. nat. econ. Palermo, 9: 15-77; Palermo. 

— — (1878): Sui fossili del calcare cristallino delle Montagne del 
Casale e di Bellampo nella provincia di Palermo. — G. Sci. nat. 
econ. Palermo, 13: 233-424; Palermo. 

— — (1886): Sugli straticon Leptaena nel Lias superiori della Sici- 
lia. - Boll. R. Com. geol. Ital., 17: 341-356; Roma. 
GEMMELLARO, G.G. & Di BLası, A. (1874): Pettini de titonio infer- 

iore. — Atti. Accad. gioenia Sci. Nat., 9: 95-138; Catania. 


228 


GEYER, ©. F. (1954): Die oberjurassische Korallenfauna von Würt- 
temberg. — Palaeontographica (A), 104: 121-200; Stuttgart. 

GıLL, G. A. & CoATEs, A. G. (1977): Mobility, growth patterns and 
substrate in some fossil and recent corals. — Lethaia, 10: 
119-134; Oslo. 

GoLDFUss, G. A. (188340): Petrefacta Germaniae. — 2 (1), 1833: 
1-68; (2), 1836: 69-140; (3), 1837: 141-224; (4), 1840: 
225-312; Dusseldorf (Arnz). 

GOTISCHE, C. (1878): Über jurassische Versteinerungen aus der arg- 
entinischen Cordillere. - Palaeontographica, Supp. 3: 50 pp; 
Cassel. 

Gouıp, $. J. (1971): Muscular mechanics and the ontogeny of 
swimming in scallops. — Palaeontology, 14: 61-94; London. 

— — (1977): Ontogeny and Phylogeny. -501 pp; Cambridge, Mass 
(Belknap). 

Gou1D, $. J. & ELDREDGE, N. (1977): Punctuated equilibria: the 
tempo and mode of evolution reconsidered. — Paleobiology, 
3: 115-151; Lancaster, PA. 

GRECO, B. (1898): Fauna della zona con Lioceras Opalinum Reın. 
sp. di Rossano in Calabria. - Palaeontogr. ital., 4: 93-139; 
Pisa. 

GREPPIN, E. (1898): Description des fossiles de la grande oolithe des 
environs de Bäle. - Abh. schweiz. paläont. Ges., 25: 1-52; 
Geneve. 

GUTSELL, J. S. (1931): The natural history of the bay scallop. - Bull. 
Bur. Fish., Wash., 46: 569-632; Washington. 


HALLAM, A. (1963): Observations on the palaeoecology and ammon- 
ite sequence of the Frodingham Ironstone (Lower Jurassic). — 
Palaeontology, 6: 554-574; London. 

— — (1965): Environmental causes of stunting in living and fossil 
marine benthonic invertebrates. — Palaeontology, 8: 132-155; 
London. 

— — (1971): Facies analysis of the Lias in West Central Portugal. — 
Neues Jb. Geol. Paläont. Abh., 139: 226-265; Stuttgart. 

— — (1972): Diversity and density characteristics of Pliens- 
bachian-Toarcian molluscan and brachiopod faunas of the 
North Atlantic. — Lethaia, 5: 389412; Oslo. 

— — (1975a): Jurassic Environments. - 269 pp; Cambridge, U. K. 
(Univ. Press). 

— — (1975b): Coral patch reefs in the Bajocian of Lorraine. - Geol. 
Mag., 112: 383-392; London. 

— — (1976): Stratigraphic distribution and ecology of European 
Jurassic bivalves. — Lethaia, 9: 245-259; Oslo. 

— — (1977): Jurassic bivalve biogeography. — Paleobiology, 3: 
58-73; Lancaster, PA. 

HAUFE, B. (1921): Untersuchung der Fossilfundstätten von Holz- 
maden im Posidonienschiefer der oberen Lias Württembergs. 
— Palaeontographica, 64: 1-42; Stuttgart. 

— — (1953): Das Holzmadenbuch. - 54 pp; Öhringen (Rau). 


HAYaMı, 1. (1975): Liassic Chlamys, ‘Camptonectes’ and other pec- 
tinids from the Kuruma group in Central Japan. — Trans. 
Proc. palaeont. Soc. Japan (N. $.), Nr. 28: 119-127; Tokyo. 

— — (1959): Pelecypods of the Mizunuma Jurassic in Miyagı Pre- 
fecture, with some stratigraphical remarks. - Trans. Proc. pal- 
aeont. Soc. Japan (N. $.), Nr. 34: 66-67; Tokyo. 

— — (1961): On the Jurassic pelecypod faunas in Japan. — J. Fac. 
Sci. Tokyo Univ. (Sect. 2), 13: 243-343; Tokyo. 

— — (1972): Lower Jurassic Bivalvia from the environs of Saigon: 
pp. 179-230 - In: KOBAYASHI, T. & TORIYAMA, R. (eds.): 
Geology and Palaeontology of Southeast Asia (10); Tokyo 
(Univ. Press). 


HENNIG, E (1924): Der mittlere Jura im Hinterlande von Daressal- 
aam (Deutsch-Ostafrika). -— Monogn. Geol. Paläont. (2), 
Nr. 2: 131 pp; Berlin. 

HERRMANNSEN, A. (1846-47): Indicis generum malacozoorum pri- 
mordia. - 1: 637 pp; Cassel (T. Fischer). 


HERTLEIN, L. G. (1969): Families Entoliidae and Pectinidae: 
N348-373.- In: MOORE, R. C. (ed.): Treatise on Invertebrate 
Palaeontology. N:l, Mollusca: Bivalvia; Kansas (Univ. 
Printing Service). 

HEwITT, R. A. & Hursr, J. M. (1977): Size changes in Jurassic lipa- 
roceratid ammonites and their stratigraphical and ecological 
significance. — Lethaia, 10: 287-301; Oslo. 


HILLEBRANDT, A. VON (1973): Die Ammonitengattungen Bouleicer- 
as und Frechiella im Jura von Chile und Argentinien. - Ecolg. 
geol. Helv., 66: 351-363; Lausanne. 

HÖLDER, H. (1964): Jura. - Handb. stratigr. Geol., 4: 603 pp; Stutt- 
gart (Enke). 

— — (1978): Über die Pectiniden-Gattung Parvamussium im Jura. 
— Stuttg. Beitr. Naturk., Nr. 38: 37 pp; Stuttgart. 

HOLDER, H. & ZIEGLER, B. (1959): Stratigraphische und faunistische 
Beziehung im Weißen Jura (Kimmeridien) zwischen Süd- 
deutschland und Ardeche. - Neues Jb. Geol. Paläont. Abh., 
108: 150-214; Stuttgart. 

HORNELL, J. (1909): Report upon the anatomy of Placuna placenta 
with notes upon its distribution and economic uses. — Rpt. 
mar. Zool. Okhamandal, 1: 43-97; London. 

HUCKRIEDE, R. (1967): Molluskenfaunen mit limnischen und bracki- 
schen Elementen aus Jura, Serpulit und Wealden NW- 
Deutschlands und ihre paläogeographische Bedeutung. — 
Beih. geol. Jb., 67: 263 pp; Hannover. 

Hupson, J. D. & PALFRAMAN, D. (1969): The ecology and preserva- 
tion of the Oxford Clay fauna at Woodham, Bucks. - Q. Jl. 
geol. Soc. Lond., 124: 387418; London. 

Hupson, J. D. & PALMER, T. J. (1976): A euryhaline oyster from the 
Middle Jurassic and the origin of the true oysters. — Palaeonto- 
logy, 19: 79-93; London. 

Hupson, R. G. S. (1958): The Upper Jurassic faunas of southern Is- 
rael. - Geol. Mag., 95: 415425; London. 

Hui, E. (1857): Geology of the country around Cheltenham. — 
Mem. geol. Surv. U. K., Nr. 44: 104 pp; London. 

ILovaıskv, D. (1904): L’Oxfordien et le Sequanien des gouverne- 
ments de Moscou et de Riasan. - Byull. mosk. Obshch. Ispyt. 
Prir., 17: 222-288; Moskva. 

ImLay, R. W. (1964): Marine Jurassic pelecypods from central and 
southern Utah. — Prof. Pap. U. S. geol. Surv., Nr. 483 - C: 
42 pp; Washington. 

— — (1967): Twin Creek Limestone (Jurassic) in the Western 
Interior of the United States. —- Prof. Pap. U. S. geol. Surv., 
Nr. 540: 105 pp; Washington. 

IvimEY-Cook, H. C. (1974): The Permian and Triassic deposits of 
Wales: pp. 295-321. — In: OWEN, T. R. (ed.): The Upper 
Palaeozoic and post-Palaeozoic rocks of Wales; Cardiff 
(Univ. Wales Press). 

JAUBERT, M. (1868): Note sur les formations jurassiques qui recouv- 
rent le versant nord du mont Lozere. - Bull. Soc. geol. Fr. (2), 
26: 216-264; Paris. 

Jaworskı, E. (1916): Beiträge zur Kenntnis des Jura in Süd-Ameri- 
ka. II: Spezieller, paläontologischer Teil. - Neues Jb. Miner. 
Geol. Paläont. Beilbd, 40: 364-456; Stuttgart. 

JEFFERIES, R. P. S. & MınTon, P. (1965): The mode of life of two 
Jurassic species of ‘Posidonia’ (Bivalvia). — Palaeontology, 8: 
156-185; London. 

JopoT, P. (1923): Faune Bajocienne du Djebel Mahsseur pres 
d’Oudjda (Maroc Oriental). — Bull. Soc. geol. Fr. (4) 23: 
132-141; Paris. 

JoHnson, A. L. A. (1980): The palaeobiology of the bivalve family 
Pectinidae in the Jurassic of Europe. - Unpubl. M.S.D.Phil., 
Univ. Oxford; 2 Vols: 532 and 187 pp. 

— — (1981): Detection of ecophenotypic variation in fossils and its 
application to a Jurassic scallop. - Lethaia, 14: 277-285; Oslo. 

Jorv, H. (1907): Les fossiles du jurassique de la Belgique: Premiere 
partie: Infra-Lias. - M&m. Mus. r. Hist. nat. Belg., 5: 1-156; 
Bruxelles. 

JORDAN, R. (1971): Zur Salinität des Meeres im höheren Oberen Jura 
Nordwest-Deutschlands. — Z. dt. geol. Ges., 122: 231-241; 
Berlin. 

JOUKOWwsKY, E. & FAVRE, J. (1913): Monographie geologique et 
paleontologique du Saleve (Haute-Savoie, France). —- Mem. 
Soc. Phys. Hist. nat. Geneve, 37: 295-523; Geneve. 

KARVE-CORVINUS, G. (1966): Biostratigraphie des Oxfordium und 
untersten Kimmeridgium am Mont Crussol, Ardeche, im 
Vergleich mit Süddeutschland. — Neues Jb. Geol. Paläont. 
Abh., 126: 101-141; Stuttgart. 

KAUFMANN, E. G. (1969): Form, Function and Evolution: N129 — 
205-In: MOORE, R. C. (ed.): Treatise on Invertebrate Palae- 
ontology. N: 1, Mollusca: Bivalvia; Kansas (Univ. Printing 
Service). 


— — (1978): Benthic environments and paleoecology of the Posi- 
donienschiefer (Toarcian). - Neues Jb. Geol. Paläont. Abh., 
157: 18-36; Stuttgart. 

KEFERSTEIN, C. (1828): Teutschland, geognostisch-geologisch dar- 
gestellt. - 5(3): 426-592; Weimar (Landes-Industrie-Comp- 
toir). 

Kery, $S.R. A. (1977): The bivalves of the Spilsby Sandstone and 
contiguous deposits. - Unpubl. M. S. D. Phil., Queen Mary 
Coll., Univ. of London: 365 pp. 

KHUDYAEV, J. (1928): The Mesozoic deposits of the region of the 
Syola River, Petschoraland. - Izv. geol. Kom., 46: 497-521; 
S. Peterburg. 

Kırıan, W. (1889): Etudes paleontologigtes sur les terrains second- 
aires et tertiaires de l’Andalousie. - M&m. Acad. Scı. Inst. Fr. 
(2), 30: 601-762; Paris. 

KıLıan, W. & GUEBHARD, A. (1905): Etude paleontologique et stra- 
tigraphique du systeme Jurassique dans les prealpes mari- 
times. — Bull. Soc. geol. Fr. (4), 2: 737-828; Paris. 

KIRKALDY, J. F. (1963): The Wealden and marine Lower Cretaceous 
beds of England. - Proc. Geol. Ass., 74: 127-146; London. 

KNUDsEN, J. (1967): The deep-sea Bivalvia. Scientific Reports ‘John 
Murray’ Expedition 1933-34, 9: 239-343; London. 

— — (1970): The systematics and biology of abyssal and hadal Bi- 
valvia. = Galathea Report, 11: 7-238; Kjobenhavn. 

KocH, C. L. & DUNKER, W. (1837): Beiträge zur Kenntnis des 
norddeutschen Oolithgebildes und dessen Versteinerungen. — 
64 pp; Braunschweig (Oehme, Müller). 

KRAUSE, P. G. (1908): Über Diluvium, Tertiar, Kreide und Jura in 
der Heilsberger Tiefbohrung. — Jb. preuß. geol. BergAkad. 
Landesanst., 28: 185-326; Berlin. 

KRENKEL, E. (1915): Die Kelloway-Fauna von Popilani in Westruß- 
land. — Palaeontographica, 61: 191-362; Stuttgart. 

KRUMBECK, L. (1905): Die Brachiopoden und Molluskenfauna des 
Glandarienkalkes. — Beitr. Paläont. Geol. Öst.-Ung., 18: 
65-162; Wien. 

— — (1924): Die Brachiopoden, Lamellibranchiaten und Gastro- 
poden der Trias von Timor. 2. Paläontologischer Teil. — Pa- 
läontologie von Timor (13): 275 pp; Stuttgart (Schweizerbart). 

KUHN, ©. (1935): Die Fauna des untersten LiasÖö (Gibbosus-Zone) 
aus dem Sendelbach im Hauptsmoorwald östlich Bamberg. — 
Neues Jb. Miner. Geol. Paläont. Beilbd (B), 73: 465-493; 
Stuttgart. 

— — (1936): Die Fauna des Amaltheenthon (Lias Ö ) in Franken. — 
Neues Jb. Miner. Geol. Paläont. Beilbd (B), 75: 231-311; 
Stuttgart. 

LAHUSEN, I. (1883): Die Fauna der Jurassischen Bildungen des Rja- 
sanischen Gouvernements. - Trudy geol. Kom., 1: 1-94; $.- 
Peterburg. 

LAMARCK, J. B. P. A. DEM. DE (1819): Histoire naturelle des an- 
imaux sans vertebres. — 6: 343 pp; Paris (Verdiere). 

— — (1836): Histoire naturelle des anımaux sans vertebres (2nd. 
ed.). - 7: 735 pp; Paris (Bailliere). 

LANQUINE, A. (1929): Le Lias et le Jurassique des chaines proven- 
sales. I. Le Lias et le Jurassique Inferieur. — Bull. Servs Carte 
geol. Fr., 32: 41425; Paris. 

LAUBE, G. C. (1867): Die Bivalven des Braunen Jura von Balin. — 
Denkschr. Akad. Wiss. Wien, Matt. nat. Kl., 27: 11-61; 
Wien. 


LEANZA, A. F. (1942): Los Pelecipodos del Lias de Piedro Pintada en 
el Neuquen. — Revta Mus. La Plata, Secc-Paleont. (N. S.), 2: 
143-206; La Plata. 

LENTINT, F. (1973): I molluschi del Lias inferiore di Lorigi (Sicilia 
nordorientale).- Boll. Soc. paleont. ital., 12: 23-75; Modena. 

LEVINTON, J. S. (1970): The palaeoecological significance of oppor- 
tunistic species. — Lethaia, 3: 69-78; Oslo. 

LEWINSKT, J. (1908): Les depöts jurassiques pres la station Checiny et 
leure faune. — Bull. int. Acad. Sci. Lett. Cracovie, Nr. 5: 
408-445; Cracovie. 

— — (1923): Monographie geologique et paleontologique du Bon- 
onien de la Pologne. - Mem. Soc. geol. Fr. (Paleont.), 24: 
1-108; Paris. 

LEYMERIE, A. (1838): Memoire sur la partie inferieure du systeme 
secondaire du departement du Rhöne. - Mem. Soc. geol. Fr. 
(I), 3: 313-379; Parıs. 


229 


LINDSTROM, G. (1866): Om Trias-och Juraförsteninger fran Spets- 
bergen. -K. svenska VetenskAkad. Handl., 6, Nr. 6: 20pp; 
Stockholm. 

LissaJous, M. (1910): Jurassique Mäconnais-fossiles caracteristi- 
ques. — Bull. trimest. Soc. Hist. nat. Mäcon, 3, Nrs. 11, 12: 
208 pp; Mäcon. 

— — (1923): Etude sur la faune du Bathonien des environs de Mä- 
con. - Trav. Lab. Geol. Univ. Lyon, 3, Nr. 3: 286 pp; Lyon. 

LISTER, M. (1678): Hıstorıium anımalıum angliae tres tractatus. — 
250 pp; London (Martyn). 

LORIOL, P. DE (1867): Description des fossiles de l’Oolithe Coral- 
lienne de l’etage Valangien et de l’etage Urgonien du Mont Sal- 
eve: 100pp - In: FAVRE, A. Recherches geologiques dans les 
parties de la Savoie (1); Geneve (Masson). 

— — (1878):Monographie pal&ontologique des couches de lazoneä 
Ammonites tenuilobatus (Badener Schichten) de Baden (Ar- 
govie). - Abh. schweiz. paläont. Ges., 5: 77-200; Geneve. 

— — (1881):Monographie paleontologique des couches delazoneä 
Ammonites tenuilobatus (Badener Schichten) d’Oberbuchsit- 
ten et de Wangen (Soleure). — Abh. schweiz. paläont. Ges., 8: 
61-120; Geneve. 

— — (1893): Etudes sur les mollusques des couches coralligenes in- 
ferieures du Jura Bernois. Partie 4. — Abh. schweiz. paläont. 
Ges., 19: 261-419; Geneve. 

— — (1894): Etude sur les mollusques du Rauracien Inferieur du 
Jura Bernois. — Abh. schweiz. paläont. Ges., 21: 1-129; Ge- 
neve. 

— — (1895): Etude sur les mollusques du Rauracian Superieur du 
Jura Bernois. - Abh. schweiz. paläont. Ges., 22: 1-51; Gen- 
eve. 

— — (1897): Etude sur les mollusques et brachiopodes de ’Oxford- 
ien Superieur et Moyen du Jura Bernois. - Abh. schweiz. pal- 
äont. Ges., 24: 78-158; Geneve. 

— — (1899): Etude sur les mollusques et brachiopodes de ’Oxford- 
ien Inferieur ou zone ä Ammonites Renggeri du Jura Bernois. 
— Abh. schweiz. paläont. Ges., 26: 119-184; Geneve. 

— — (1900): Etude sur les mollusques et brachiopodes de l’Oxford- 
ien Inferieur ou zone a Ammonites renggeri du Jura Ledoni- 
en. — Abh. schweiz. paläont. Ges., 27: 1-143; Geneve. 

— — (1901): Etude sur les mollusques et brachiopodes de ’Oxford- 
ien Superieur et Moyen du Jura Bernois (Supplement 1). — 
Abh. schweiz. paläont. Ges., 28: 1-119; Geneve. 

— — (1904): Etude sur les mollusques et brachiopodes de l’Oxford- 
ien Superieur et Moyen du Jura Ledonien. — Abh. schweiz. 
paläont. Ges., 31: 161-303; Geneve. 


LoRIOL, P. DE & COTTEAU, G. (1868): Monographie paleontolo- 
gique er geologique de P’etage Portlandien du Departement de 
l’Yonne. - Bull. Soc. Sci. hist. nat. Yonne (2), 1: 1-239; Aux- 
erre. 

LORIOL, P. DE & LAMBERT, J. (1893): Description des mollusques et 
brachiopodes des couches Sequaniennes de Tonnerre (Yon- 
ne). — Abh. schweiz. paläont. Ges., 20: 1-213; Geneve. 


LORIOL, P. DE & PELLAT, E. (1866): Monographie paleontologique 
er geologique de l’etage Portlandien des environs de Boul- 
ogne-sur-Mer. — Mem. Soc. Phys. Hist. nat. Geneve, 19: 
1-200; Geneve. 

— — (1875): Monographie paleontologique et geologique des et- 
ages Jurassiques superieurs de Boulogne sur Mer. - Mem. Soc. 
Phys. Hist. nat. Geneve, 24: 1-326; Geneve. 


LORIOL, P. DE., ROYER, E. & TOMBECK, H. (1872): Monographie 
paleontologique et geologique des Etages superieurs de la for- 
mation Jurassique. - Mem. Soc. linn. Normandie, 16: 1-539; 
Paris. 

LORIOL, P. DE & SCHARDT, H. (1883): Etude pal&ontologique et stra- 
tigraphique des couches a Mytilus des Alpes Vaudoises. — 
Abh. schweiz. paläont. Ges., 10: 1-140; Geneve. 

LUNDGREN, B. (1878): Studier öfver faunan i den stenkolsförande 
formationen i nordvästra Skäne. — 57 pp; Lund (Berling). 

— — (1881): Undersökningar öfver molluskfaunan i Sveriges äldre 
mesozoiska bildningar. - Acta. Univ. Lund., 17: 1-57; Lund. 

— — (1883): Bemerkungen über die von der Schwedischen Expedi- 
tion nach Spitzbergen 1882 gesammelten Jura und Trias-Fos- 
silien. - Bih. K. svenska VetenskAkad. Handl., 8, Nr. 12: 
22 pp; Stockholm. 


230 


— — (1895): Amärkningar om nägra Jurafossil fran Kap Stewart; 
Ost Grönland. - Meddr. Gronland, 19: 189-214; Kjoben- 
havn. 

LycEtT, J. (1863): Supplementary monograph on the Mollusca from 
the Stonesfield Slate, Great Oolite, Forest Marble, and Corn- 
brash. — Palaeontogr. Soc. [Monogr.]: 129pp; London. 

MAKOWwsK1, H. (1952): Lafaune Callovienne de Luköw en Pologne. — 
Palaeont. pol., Nr. 4: 64 pp; Varsoviae. 

MARTIN, J. (1860): Pal&ontologie stratigraphique de !’Infra-Lias du 
departement de la Cöte d’Or. - Mem. Soc. geol. Fr. (2), 7: 
1-101; Paris. 

MARWICK, J. (1953): Divisions and faunas of the Hokonui System 
(Triassic and Jurassic). - Palaeont. Bull., Wellington, Nr. 21: 
141 pp; Wellington, N. Z. 

MATTHEWS, S. C. (1973): Notes on open nomenclature and syno- 
nymy lists. — Palaeontology, 16: 713-719; London. 


MAUBERGE, P. L. (1951): Sur la presence de la zone a Dactylioceras 
semicelatum dans le Grand-Duche de Luxembourg. - Bull. 
Soc. belge Geol. Paleont. Hydrol., 60: 365-373; Bruxelles. 

— — (1971): A propos du dimorphisme sexuel chez les fossiles: 
Radulopecten vagans SOWERBY et Radulopecten anomalus 
TERQUEM. - Bull. Soc. lorr. Scı., 10: 25-29; Paris. 

MEDCOF, J. C. & BOURNE, N. (1964): Causes of mortality of the sea 
scallop Placopecten magellanicus. — Proc. natn. Shellfish. 
Ass., 53: 33-50; Washington. 

MEEK, F. B. (1864): Checklist of the invertebrate fossils of North 
America: Cretaceous and Jurassic. — Smithson. misc. Collns, 
7: 40 pp; Washington. 

MEEK, F. B. (1865): Description of fossils from the auriferous slates 
of California. -Geol. Surv. Calif., Geology, 1:477—482; Phil- 
adelphia. 

MEGNIEN, C., MEGNIEN, F. & TURLAND, M. (1970): Le recif Oxfor- 
dien de l’Yonne et son environment sur la feuille Vermenton. — 
Bull. Bur. Rech. geol. min. (Sect. 1), 3: 83-115; Paris. 


MELVILLE, R. V. (1956): Stratigraphical palaeontology; ammonites 
excluded, of the Stowell Park Borehole. - Bull. geol. Surv. Gt. 
Br., 11: 67-139; London. 

MENEGHINTI, G. (1880): Fossili oolitici dı Monte Pastello nella pro- 
vincia di Verone. - Memorie Soc. tosc. Scı. Nat., 4: 336-362; 
Pisa. 

MENEGHINI, J. (1867-81): Monographie des fossiles du calcaire 
rouge ammonitique (Lias Superieur) de Lombardie et de l’Ap- 
penin Central. - 242pp; Milan (Rebeschini). 

MENSINK, H. (1965): Stratigraphie und Paläogeographie des marinen 
Jura in den nordwestlichen Iberischen Ketten. — Beih. geol. 
Jb., 44: 55-102; Hannover. 

MOBERG, J. C. (1888): Om Lias ISydöstra Skäne. - K. svenska Vet- 
enskAkad Handl., 22, Nr. 6: 86 pp; Stockholm. 

MOÖRICKE, W. (1894): Versteinerungen des Lias und Unteroolith von 
Chile. - Neues Jb. Miner. Geol. Paläont. Beilbd, 9: 1-100; 
Stuttgart. 

MONTAGU, G. (1803): Testacea Britannica. Part 1. — pp. 1-291; 
Romsey (Hollis). 

MORBEY, S. J. (1975): The palynostratigraphy of the Rhaetian stage, 
Upper Triassic, in the Kendelbachgraben, Austria. — Palaeon- 
tographica (B), 152: 1-75; Stuttgart. 

MORRIS, J. & LYCETT, J. (1851-55): A monograph of Mollusca from 
the Great Oolite. — Palaeontogr. Soc. [Monogr.]: (1), 1851, 
Univalves: 1-130; (2), 1853, Bivalves: 1-80; (3), 1855, Bival- 
ves: 81-147; London. 

MOUTERDE, R. (1953): Etudes sur le Lias et le Bajocien des bordures 
nord et nord-est du massif central Frangais. - Bull. Servs Carte 
geol. Fr., 50: 63-521; Paris. 

MULLER, C. F. (1776): Zoologiae Danicae Prodromus, seu Anima- 
lium Daniae et Norvegiae Indigenarum, characteres, nomina 
et synonyma imprimis popularium. — 282 pp; Copenhagen. 

MCLEARN, F. H. (1924): New Pelecypods from the Fernie Forma- 
tion of the Alberta Jurassic. —- Proc. Trans. R. Soc. Can., 18 
(Sect. 4): 39-61; Ottawa. 

NEALE, J. W. (1956): Chlamys (Radulopecten) drewtonensis sp. nov. 
- Proc. Yorks. geol. Soc.. 30: 371-374; Hull. 

NEUMAYR, M. (1871): Die Vertretung der Oxfordgruppe im östli- 
chen Theile der mediteranen Provinz. — Jb. geol. Bundesanst., 
Wien, 21: 355-378; Wien. 


— — (1879): Zur Kenntniss der Fauna des Untersten Lias in den 
Nordalpen. — Abh. geol. Bundesanst., Wien, 7: 1-46; Wien. 

NEWTON, RR. B. (1921): On a marine Jurassic fauna from central Ara- 
bia. - Annls. Mag. nat. hist. (9), 7: 389-403; London. 

Nıcoı, D. (1967): Some characteristics of cold-water marine pelecy- 
pods. — J. Paleont., 41: 1330-1340; Lawrence, Kansas. 

Nıcouis, E. & PARONA, C. F. (1885): Note stratigrafiche e paleonto- 
logiche sul Giura superiore della Provincia di Verona. - Boll. 
Soc. geol. ital., 4: 1-95; Roma. 

NITZOPOULOS, G. (1974): Faunistisch-ökologische, stratigraphische 
und sedimentologische Untersuchungen am Schwamm-stot- 
zen-Komplex bei Spielberg am Hahnenkamm. - Stuttg. Beitr. 
Naturk. (B), Nr. 16: 143 pp; Stuttgart. 

Nyst, P.H. (1843): Description des coquilles et des polypiers fossiles 
des terrains tertiaires de la Belgique. - 697 pp; Bruxelles (Hay- 
ez). 

OERTEL, W. (1924): Die Stellung des anstehenden Lias in Mecklen- 
burg. —- Neues Jb. Miner. Geol. Paläont., 49: 550-593; Stutt- 
gart. 

OrPın. DECL. INT. CoMmMN. ZooL. Nom. (1936): 1 (B), Opinion 126: 
469-486; London. 

OrpEL, A. (1853): Der mittlere Lias schwäbens. — Jh. Ver. vaterl. Na- 
turk. Wurtt., 10: 92 pp; Stuttgart. 

— — (1858): Die Juraformation Englands, Frankreichs und des 
südwestlichen Deutschlands. — 857 pp; Stuttgart (Ebner, Seu- 
bert). 

— — (1866): Über die Zone des Ammonites transversarins. 
pp205-318. In: BENECKE. E. W.: Beitrag zur Kenntnis der 
Jura in Deutsch-Lothringen. — Abh. geol. Spezkarte. Els.- 
Loth. (N. $.), 1; München. 

ORBIGNY, A. D’ (1850): Prodrome de paleontologie stratigraphique 
universelle des anımaux mollusques et rayonnes. — 1: 394 pp; 
2: 428 pp; Paris (Masson). 

PAINE, R. T. (1976): Size limited predation: an observational and ex- 
perimental approach with the Mytilus-Pisaster interaction. — 
Ecology, 57: 858-873; Durham, N. C. 

PALMER, C. P. (1966a): Note on the fauna of the Margaritatus Clay 
(Blue Band) in the Domerian of the Dorset coast. - Proc. Dor- 
set. nat. Hist. archaeol. Soc., 87: 67-68; Dorchester. 

— — (19665): The fauna of Day’s Shell Bed inthe Middle Lias ofthe 
Dorset coast. - Proc. Dorset. nat. Hist. archaeol. Soc., 87: 
69-80; Dorchester. 

PALMER, T. J. (1974): Some palaeo-ecological studies in the M. and 
U. Bathonian of Central England and N. W. France. — Un- 
publ. M. S. D. Phil., Univ. Oxford: 279 pp. 

— — (1979): The Hampen Marly and White Limestone formations: 
Florida-type carbonate lagoons in the Jurassic of central Eng- 
land. — Palaeontology, 22: 189-228; London. 

PALMER, T. J. & FÜRSICH, F. T. (1981): Ecology of sponge reefs from 
the Middle Jurassic of Normandy. — Palaeontology, 24: 1-23; 
London. 

PARENT, H. (1940): Faune du Bradfordian et du Cornbrash du Valau- 
ry-Saint-Hubert (Var). - C. r. Somm. Seanc. Soc. geol. Fr., 
Year 1940: 31-32; Paris. 

Parıs, E. T. & RICHARDSON, L. (1916): Some Inferior Oolite Pectin- 
idae. - Q. Jl. geol. Soc. Lond., 71: 521-535; London. 

PARONA, ©. F. (1892): Revisione della fauna Liasica di Gozzano in 
Piemonte. — 59 pp; Torino. 

— — (1895): Nuove osservazioni sopra la faune e l’eta degli strati 
con Posidonomya alpina nei Sette Comuni. — Palaeontogr. 
Ital., 1: 1-42; Pisa. 

PERON, M. (1905): Etudes pal&ontologiques sur les terrains du depar- 
tement de l’Yonne. — Bull. Soc. Scı. hist. nat. Yonne, 59: 
33-266; Auxerre. 

PHıLıppı, E. (1898): Beiträge zur Morphologie und Phylogenie der 
Lamellibranchier. - Z. dt. geol. Ges., 50: 597-622; Berlin. 

— — (1900): Beiträge zur Morphologie und Phylogenie der Lamel- 
libranchier. II. Zur Stammesgeschichte der Pectiniden. - Z. 
dt. geol. Ges., 52: 64-117; Berlin. 

PHitLips, J. (1829): Illustrations of the geology of Yorkshire. — 
192 pp; York (Wilson). 2nd ed. (1835); York (Murray). 

— — (1871): Geology of Oxford and the valley of the Thames. — 
523 pp; Oxford (Clarendon). 

PLOT, R. (1705): The natural history of Oxfordshire (2nd ed.). — 
356 pp; London (Lichfield). 


POMPECK], J. F. (1897): Paläontologische und stratigraphische Noti- 
zen aus Anatolien. - Z. dt. geol. Ges., 44: 713-828; Berlin. 

POOLE, E. G. (1979): The Triassic-Jurassic boundary in Great Bri- 
tain. —- Geol. Mag., 116: 303-311; London. 

PREUSCHOFT, H., FRITZ, M., & KRAMER, T. (1975): Beziehungen 
zwischen mechanischer Beanspruchung und Gestalt bei Wir- 
bellosen: Spannungsanalyse an Muschel-Klappen. — Neues 
Jb. Geol. Paläont. Abh., 150: 161-181; Stuttgart. 

PYRAH, B. J. (1977): Catalogue of type and figured fossils in the 
Yorkshire Museum: Part 2. — Proc. Yorks. geol. Soc., 41: 
241-260; Hull. 

QUENSTEDT, F. A. (1843): Das Flözgebirge Württembergs. Mit be- 
sonderer Rücksicht auf den Jura. - 560 pp; Tübingen (Laupp). 

— — (1852): Handbuch der Petrefactenkunde. — 792 pp; Tübingen 
(Laupp). 

— — (1858): Der Jura. — 823 pp; Tübingen (Laupp). 

Ravn, J. P. J. (1910): On Jurassic and Cretaceous fossils from 
North-East Greenland. — Meddt. Gronland, 45: 437-500; 
Kjobenhavn. 

READ, H. H., Ross, G. & PHEMISTER, J. (1925): The geology of the 
country around Golspie, Sutherlandshire. - Mem. Geol. 
Surv. U. K.: 147pp; London. 

REIF, W.-E. (1978): Plicae and cardinal crura in pectinids: Protective 
devices against starfish predation? — Neues Jb. Geol. Paläont. 
Abh., 157: 115-118; Stuttgart. 


REMES, M. (1903): Nachträge zur Fauna von Stramberg. IV. Über 
Bivalven der Stramberger Schichten. — Beitr. Paläont. Geol. 
Öst.-Ung., 15: 185-219; Wien. 

RETOWwsKkI, ©. (1893): Die tithonischen Ablagerungen von Theodo- 
sia. - Byull. mosk. Obshch. Ispyt. Prir., Nrs. 2 and 3: 95 pp; 
Moskva. 

RıaZz, A. DE (1900): Note sur l’&tage Toarcien de laregion lyonnaise et 
de Saint-Roman-au-Mont d’Or en particulier. — Bull. Soc. 
geol. Fr. (4), 6: 607-625; Paris. 


RICHARDSON, L. (1907): The Inferior Oolite and contiguous deposits 
of the Bath-Doulting distriet. - Q. Jl. geol. Soc., Lond., 63: 
383-436; London. 

— — (1910): The Inferior Oolite and contiguous deposits of the 
south Cotswolds. — Proc. Cotteswold Nat. Fld. Club, 17: 
63-136; Gloucester. 

— — (1911): Inferior Oolite and contiguous deposits of the Chip- 
ping Norton district. - Proc. Cotteswold Nat. Fld. Club, 17: 
195-231; Gloucester. 

— — (1916): The Inferior Oolite and contiguous deposits of the 
Doulting-Milborne Port district (Somerset). -— Q. Jl. geol. 
Soc. Lond., 71: 473-519; London. 

— — (1927): The inferior and contiguous deposits of the Burton 
Bradstock-Broadwindsor district, Dorset. — Proc. Cottes- 
wold Nat. Fld. Club, 23: 149-185; Gloucester. 

RiCHE, A. (1893): Etude stratigraphique sur le Jurassique inferieur du 
Jura meridional. - Annls Univ. Lyon, 6, Pt. 3: 396 pp; Lyon. 

ROEDER, H. A. (1882): Beiträge zur Kenntnis des Terrain a Chailles 
und seiner Zweischaler in der Umgegend von Pfirt in Oberel- 
saß. — 110 pp; Strasbourg (Schultz). 

ROEMER, F. A. (1836): Die Versteinerungen des Norddeutschen Oo- 
lithen-Gebirges. — 218 pp; Hannover (Hahn). Ein Nachtrag 
(1839): 59 pp. 

ROLLIER, L. (1911): Les facies du Dogger ou Oolithique dans le Jura 
et les regions voisines. - Mem. Fondation Schnyder, 352 pp; 
Zürich (Georg). 

— — (1915): Fossiles nouveaux ou peu connus des terrains second- 
aires (M&sozoiques) du Jura et des contrees environnantes. 5. 
— Abh. schweiz. paläont. Ges., 41: 447-500; Geneve. 


ROMAN, F. (1926): Geologie Lyonnaise. -356 pp; Paris (Presse Univ. 
France). 

— — (1950): VI. Le Bas-Vivarais. — Actual. scient. ind., Nr. 1090: 
150 pp; Paris. 

ROSENKRANTZ, A. (1934): The Lower Jurassic rocks of East Green- 
land. — Part I. — Meddr. Gronland, 110, Nr. 1: 122 pp; Kjo- 
benhavn. 

— — (1942): The Lower Jurassic rocks of East Greenland. Part II. 
The Mesozoic sediments ofthe Kap Hope area, southern Liv- 
erpool Land. — Meddr. Gronland, 110, Nr. 2: 56pp; Kjo- 
benhavn. 


231 


Rossı RONCHETTI, C. & FANTINI SESTINI, N. (1961): La fauna Giu- 
rassica di Karkar (Afghanistan). — Riv. ital. Paleont. Stratigr., 
67: 103-152; Milano. 

ROTHPLETZ, A. (1886): Geologisch-palaeontologische Monographie 
der Vilser Alpen, mit besonderer Berücksichtigung der Brach- 
iopoden-Systematik. — Palaeontographica, 33: 1-180; Stutt- 
gart. 

RUDWICK, M. J. S. (1964): The inference of function from structure 
in fossils. - Br. J. Phil. Sci., 15: 27-40; Edinburgh. 

— — (1970): Living and fossil brachiopods. — 199pp; London 
(Hutchinson). 


RusseLL, P. J. C. (1972): A significance in the number of ribs in the 
shells of two closely related Cardium species. — J. Conch., 
Lond., 27: 401-409; London. 

SACCO, F. (1886): Studio geo-paleontologico sul Lias dell’alta valle 
della Stura di Cuneo. — Boll. R. Comm. geol. ital., 17: 6-27; 
Roma. 

SALIN, E. (1935): Monographie des calcaires du Barrois. — Bull. Soc. 
geol. Fr. (5), 5: 117-165; Paris. 

SANDERS, H. L. (1968): Marine benthic diversity: a comparative 
study. - Am. Nat., 102: 243-282; Lancaster, PA. 

— — (1969): Benthic marine diversity and the stability-time hypo- 
thesis. - Brookhaven Symp. Biol., 22: 71-80; Upton, N. Y. 


SAUVAGE, C. & BUVIGNIER, A. (1842): Statistique mineralogique et 
geologique du departement des Ardennes. — 554 pp; Me£zieres 
(Trecourt). 

SAUVAGE, H. E. & RıGaux, E. (1872): Description d’especes nouv- 
elles des terrains jurassiques de Boulogne-sur-Mer (Pas de 
Calais). — J. Conch., Paris, 20: 165-187; Paris. 

SCHAFHÄUTL, K. (1851): Über einige neue Petrefakten des Südbay- 
ern’schen Vorgebirges. — Neues Jb. Miner. Geol. Paläont., 
Year 1851: 407421; Stuttgart. 

SCHINDEL, D. E. & GOULD, $. J. (1977): Biological interaction bet- 
ween fossil species: character displacement in Bermudian land 
snails. — Paleobiology, 3: 259-269; Lancaster, PA. 

SCHLIPPE, A. ©. (1888): Die Fauna des Bathonien im ober-rheini- 
schen Tieflande. — Abh. geol. SpezKarte. Els.-Loth., 4: 
266 pp; Strassburg. 

SCHLÖNBACH, U. (1863): Ueber den Eisenstein des mittleren Lias im 
nord-westlichen Deutschland, mit Berücksichtigung der älte- 
ren und jüngeren Lias-Schichten. - Zeit. dt. geol. Ges., 15: 
465-566; Berlin. 

SCHLOSSER, M. (1911): Die Fauna des Lias und Dogger in Franken 
und der Oberpfalz. - Z. dt. geol. Ges., 53: 513-569; Berlin. 


SCHLOTHEIM, E. F. voN (1813): Beiträge zur Natur-geschichte der 
Versteinerungen in geognostischer Hinsicht. - Min. Taschen- 
buch, 7: 3-134; Frankfurt am Main. 

— — (1820): Die Petrefactenkunde. — 437 pp; Gothenburg (Bek- 
ker). 

SEEBACH, K. VON (1864): Der Hannoversche Jura. — 170 pp; Berlin 
(Hertz). 

SEILACHER, A. (1972): Divaricate patterns in pelecypod shells. — 
Lethaia, 5: 325-343; Oslo. 


SELLWOOD, B. W. (1972): Regional environmental changes across a 
Lower Jurassic stage boundary in Britain. — Palaentology, 15: 
125-157; London. 

— — (1978): Jurassic: pp. 204-279 - In: MCKERROW, W.S. (ed.): 
The Ecology of Fossils; London (Duckworth). 


SELLWOOD, B. W. & MCKErRROWw, W.S. (1974): Depositional envir- 
onments of the lower part of the Great Oolite Group of Ox- 
fordshire and North Gloucestershire. — Proc. Geol. Ass., 85: 
189-210; London. 

SEMENOW, B. (1896): Faune des depöts jurassiques de Mangychlak et 
de Tonar Kyr. - Trudy imp. S-Peterb. Obshch. Estest., 23: 
9-19; S. Peterburg. 

SHARPE, D. (1850): On the secondary district of Portugal which lies 
on the north of the Tagus. - Q. Jl. geol. Soc. Lond., 6: 
135-200; London. 

SIEMIRADZKI, J. VON (1893): Der obere Jura in Polen und seine Fau- 
na. — Z. dt. geol. Ges., 45: 103-144; Berlin. 

SIMIONESCU, 1. (1898): Über die Kelloway-fauna von Valea Lupulei 
in den Südkarpathen Rumäniens. — Verh. K. K. geol. Reichs- 
anst., Wien, Nr. 18: 410-415; Wien. 


— — (1899): Studii geologice si paleontologice din Carpatii Sudici. 
III. Fauna Calloviana din Valea Lupului (Rucar). — Publs 
Fond. Adamachi Acad. Romäna, 1: 189-214; Bucuresti. 

— — (1910): Studii geologice sı paleontologice din Dobrogea. II. 
Lamellibranchiatele, Gastropodele, Brachiopodele sı Echino- 
dermele din päturile Jurasice dela Härsova. — Acad. Romana 
Publs., Nr. 25: 109 pp; Bucuresti. 

Simpson, M. (1884): The fossils of the Yorkshire Lias. — 256pp; 
Whitby (Forth). 

SKWARKO, $. K. (1974): Jurassic fossils of Western Australia. — Bull. 
Bur. Miner. Resour. Geol. Geophys. Aust., 150: 43-56; Mel- 
bourne. 

SMITH, A. G. & BRIDEN, J. C. (1977): Mesozoic and Cenozoic palae- 
ocontinental maps. — 63 pp; Cambridge, U. K. (Univ. Press). 

SOEMODIHARDJO, $. (1974): Aspects of the biology of Chlamys oper- 
cularis (L.) (Bivalvia) with comparative notes on four allied 
species. - Unpubl. M. $. D. Phil., Univ. Liverpool. 

SOKOLOV, D. & BODYLEVSKY, W. (1931): Jura- und Kreide-faunen 
von Spitzbergen. — Skr. Svalbard Ishavet, Nr. 35: 151 pp; 
Oslo. 

SOWERBY, J. (1812-22): The Mineral Conchology of Great Britain. — 
1 (1), 1812: 9-32; (2), 1813: 33-96; (3), 1814: 97-178; (4), 
1815: 179-236. 2 (1), 1815: 1-28; (2), 1816: 29-116; (3), 1817: 
117-194; (4), 1818: 195-239. 3 (1), 1818: 1-40; (2), 1819: 
41-98; (3), 1820:99-126; (4), 1821: 127-186. 4 (1), 1821: 1-16; 
(2), 1822: 17-104; London (Meredith). 

SOWERBY, J. DE C. (1822a-46a): The Mineral Conchology of Great 
Britain. —4 (3), 1822: 105-114; (4), 1823: 115-151.5 (1), 1823: 
1-64; (2), 1824: 65-138; (3), 1825: 139-171. 6 (1), 1826: 1-86; 
(2), 1827: 87-156; (3), 1828: 157-200; (4), 1829: 201-235; 
(Preface to the general indexes and systematic index to the six 
volumes), 1835: 239-250; (Alphabetic index to volumes 1-6), 
1840; 1-11. 7 (1), 1840?: 1-8; (2), 1841: 9-16; (3), 1843: 17-24; 
(4), 1844: 25-56; (5), 1846: 57-80; London (Meredith). 

SOWERBY, J. DE C. (1840b): Description of fossils from the Upper 
Secondary Formation of Cutch collected by C. W. GRANT. — 
Trans. Geol. Soc. Lond. (2), 5: p. 328; London. 

SPATH, L. F. (1932): The invertebrate faunas of the Bathonian-Callo- 
vian deposits of Jameson Land (East Greenland). — Meddr. 
Grönland, 87, Nr. 7: 158 pp; Kjobenhavn. 

— — (1935): The Upper Jurassic invertebrate faunas of Cape Leslie, 
Milne Land. I. Oxfordian and Lower Kimmeridgian. — 
Meddr. Grönland, 99, Nr. 2: 82pp; Kjobenhavn. 

— — (1936): The Upper Jurassic invertebrate faunas of Cape Leslie, 
Milne Land. II. Upper Kimmeridgian and Portlandian. — 
Meddr. Gronland, 99, Nr. 3: 180 pp; Kjebenhavn. 

STAESCHE, K. VON (1926): Die Pectiniden des Schwäbischen Jura. — 
Geol. paläont. Abh. (N. S.), 15: 136 pp; Jena. 

STANLEY, $. M. (1970): Relation of shell form to life habits in the Bi- 
valvia (Mollusca). - Mem. geol. Soc. Am., Nr. 125: 296 pp; 
Washington. 

STASEK, C.R. (1963): Geometrical form and gnomonic growth in the 
biavalved Mollusca. - J. Morph., 112: 215-231; Philadelphia. 

STEFANINI, G. (1925): Description of fossils from South Arabia and 
British Somaliland. Appendix 1: pp. 143-221 - In: LITTLE, O. 
H.: The Geography and Geology of Makalla (South Arabia); 
Cairo (Government Press). 

— — (1939): Molluschi del Giuralias della Somalia. Gastropodi e 
Lamellibranchi. — Palaeontogr. ital., 32: 103-270; Pisa. 

STEINMANN, G. (1881): Zur Kenntnis der Jura- und Kreideformation 
von Caracoles (Bolivia). — Neues Jb. Miner. Geol. Paläont. 
Beilbd, 1: 239-301; Stuttgart. 

STOLICZKA, F. (1861): Über die Gastropoden und Acephalen der 
Hierlatz-Schichten. — Sber. Akad. Wiss. Wien, 43: 157-204; 
Wien. 

— — (1870-71): The Pelecypoda, with areview ofallknown genera 
of this class, fossil and Recent: 537 pp. - In: The Cretaceous 
faunas of India. - Mem. geol. Surv. India Palaeont. indica, 3: 
Calcutra. 

STOoLL, E. (1934): Die Brachiopoden und Mollusken der pommer- 
schen Doggergeschiebe. — Abh. geol.-paleont. Inst. Greifs- 
wald, 13: 1-62; Greifswald. 

STOLL, N.R., DOLLFUS, R. PH., FOREST, J., RILEY, N. D., SABROS- 
KY,C. W., WRIGHT, C. W. & MELVILLE, RR. V. (eds.). (1964): 
International code of Zoological Nomenclature adopted by 


the X’Vth International Congress of Zoology. - 176pp; Bun- 
gay, Suffolk (Clay). 

STOPPANI, A. (1860): Geologie et Paleontologie des couches a Avic- 
ula contorta en Lombardie. — Paleont. Lombardie, 3: 267 pp; 
Milano. 

SYKES, R. (1975): Facies and faunal analysis of the Callovian and Ox- 
fordian stages (M. and Up. Jurassic) in northern Scotland and 
east Greenland. — Unpubl. M. S. D. Phil., Univ. Oxford: 
312pp. 

SYLVESTER-BRADLEY, P. C. (1968): The Inferior Oolite Series: 
pp- 211-226 - In: SYLVESTER-BRADLEY, P. C. and FORD, T.: 
The Geology of the East Midlands; Leicester (Univ. Press). 

TALBOT, M. R. (1973): Major sedimentary cycles in the Corallian 
Beds (Oxfordian) of southern England. — Palaeogeogr. Palae- 
oclimatol. Palaeoecol., 14: 293-313; Amsterdam. 

TAMURA, M. (1959): Taxodonta and Isodonta from the Upper Juras- 
sic Sakomoto Formation in Central Kyushu, Japan. — Trans. 
Proc. palaeont., Soc. Japan (N. $.), Nr. 34: 53-65; Tokyo. 

— — (1973): Two species of Lower Cretaceous Parvamussium 
from Kyushu, Japan and Sarawak, Borneo: pp. 119-124.- In: 
KOBAYAYASHI, T. & TORIYAMA, R. (eds.): Geology and 
Palaeontology of Southeast Asia (10); Tokyo. 

TATE, R. & BLAKE, J. F. (1876): The Yorkshire Lias. — 475 pp; Lon- 
don (Van Voorst). 


TAUBER, C. A. & TAUBER, M. J. (1977a): Sympatric speciation based 
on allelic changes at 3 loci: evidence from natural populations 
in two habits. - Science, N. Y., 197: 1298-1299; Washington. 

— — (1977b): A genetic model for sympatric speciation through 
habitat diversification and seasonal ısolation. — Nature, 
Lond., 268: 702-705; London. 


TAUSCH VON GLOECKELSTHURN, L. (1890): Zur Kenntnis der Fauna 
der Grauen Kalke der Süd-Alpen. — Abh. geol. Bundesanst.., 
Wien: 15, 1-40; Wien. 

TAWNEY, E. B. (1866): On the western limit of the Rhaetic Beds in 
South Wales and on the position of the Sutton Stone. - Q. Jl. 
geol. Soc. Lond., 12: 69-93; London. 

TAYLOR, J. D., KENNEDY, W. J. & HALL, A. (1969): The shell struc- 
ture and mineralogy of the Bivalvia. Introduction. Nucula- 
cea-Trigonacea. - Bull. Br. Mus. nat. Hist. (Zool.), Supp. 3: 
125 pp; London. 

TEBBLE, N. (1966): British Bivalve seashells. -212 pp; Edinburgh (H. 
MS: O3): 

TERQUEM, M. ©. (1855): Paleontologie de l’etage inferieur de la for- 
mation Liasique de la Province de Luxembourg, Grand-Du- 
che (Hollande) et de Hettange. - M&m. Soc. geol. Fr. (2), 3: 
219-343; Parıs. 

TERQUEM, M. ©. & JOURDY, E. (1869): Monographie de l’etage 
Bathonien dans le departement de la Moselle. - Mem. Soc. 
geol. Fr. (2), 9: 1-175; Parıs. 

TERQUEM, M. ©. & PIETTE, E. (1865): Le Lias Inferieur de P’est de la 
France. - Mem. Soc. geol. Fr. (2), 8: 1-175; Paris. 


THAYER, C. W. (1972): Adaptive features of svimming monomyar- 
ian bivalves. - Forma et Functio, 5: 1-32; Oxford. 

— — (1975): Strength of pedicle attachment in articulate brachio- 
pods: ecologic and palaeoecologic significance. — Paleobiolo- 
gy, 1: 388-399; Lancaster, PA. 

THOMAS, G. E. & GRUFYDD, LL. D. (1976): The types of escape reac- 
tions elicited in the scallop Pecten maxımus by selected sea- 
star species. - Mar. Biol., 10: 87-93; New York. 

THURMANN, J. (1833): Essai sur les soulevements jurassiques du Por- 
rentruy. - Mem. Soc. Hist. nat. Strasbourg, 1, Book 2, Pt. 2: 
1-85; Strasbourg. 

'THURMANN, J. & ETALLON, A. (1862): Lethea Bruntrutana. - Neue 
Denkschr. allg. schweiz. Ges. ges. Naturw., 19: 146-353; Zü- 
rich. 

TIETZE, E. (1872): Geologische und paläontologische Mittheilungen 
aus dem südlichen Theil des Banater Gebirgsstockes. — Jb. 
geol. Bundesanst., Wien, 22: 34-142; Wien. 

TILMANN, N. (1917): Die Fauna des unteren und mittleren Lias in 
Nord- und Mittel-Peru. - Neues Jb. Miner. Geol. Paläont. 
Beilbd, 41: 628-712; Stuttgart. 

TIMOSHENKO, 8. & WOINOWSKY-KRIEGER, $. (1959): Theory of pla- 
tes and shells (2nd ed.). — Eng. Soc. [Monogr.]: 580 pp; New 
York. 


TOoNI, A. DE (1912): La fauna Liasica di Vedano (Belluno). Parte se- 
conda: Molluschi. - Abh. schweiz. paläont. Ges., 38: 33-51; 
Geneve. 

TORNQUIST, A. (1898): Der Dogger am Espinazito-Paß, nebst einer 
Zusammenstellung der jetzigen Kenntnisse von der argentini- 
schen Juraformation. - Paläont. Abh. (N. $.), 4, Nr. 2:72 pp; 
Berlin. 

TORRENS, H. S. (1968): The Great Oolite Series: pp. 227-263.— In: 
SYLVESTER-BRADLEY, P. C. and FORD, T.: The Geology of 
the East Midlands; Leicester (Univ. Press). 

TOWwNsoN, W. G. (1971): A facies analysıs of the Portland Beds. A 
description and interpreted environmental history of the Port- 
land Group in England and France with particular emphasis 
on the exposures in Dorset. - Unpubl. M. S. D. Phil. Univ. 
Oxford. 2 vols: 181 and 284 pp. 

— — (1975): Lithostratigraphy and deposition of the type Port- 
landian. — Jl. geol. Soc. Lond., 131: 619-638; London. 

TRAUTH, F. (1909): Die Grestener Schichten der österreichischen 
Voralpen und ihre Fauna. — Beitr. Paläont. Geol. Öst.-Ung., 
22: 1-142; Wien. 

YTRAUTSCHOLD, H. (1861): Der Moskauer Jura, verglichen mit dem 
West-Europäischen. -Z. dt. geol. Ges., 13: 361-452; Berlin. 

— — (1862): Recherches geologiques aux environs de Moscou. Fos- 
siles de Kharachova et Supplement. — Byull. mosk. Obshch. 
Ispyt. Prir., Year 1861: 1-11; Moscou. 

TROEDSSON, G. (1951): On the Höganäs series of Sweden (Rhaeto- 
Lias). — Skr. miner.-o. paleont.-geol. Inst. Lund, Nr. 7: 
1-269; Lund. 

TURTON, W. (1822): Conchylia Insularum Britanicarum. — 279 pp; 
Exeter (Cullum). 

TZANKOVv, V. & BoNcEv, E. (1932): La faune liasique de Kalotina- 
Bulgarie de l’Ouest.-Spis. bulg. geol. Drush., 4: 221-244; So- 
fiya. 

UHLIG, V. (1884): Ueber Jurafossilien aus Serbien. — Verh. K. K. 
geol. Reichsanst., Wien. Year 1884: 178-186; Wien. 
URLICHS, M. (1966): Zur Fossilführung und Genese des Feuerlet- 
tens, der Rät-Lias-Grenzschichten und des unteren Lias bei 
Nürnberg. - Erlanger Geol. Abh., Nr. 64: 42 pp; Erlangen. 

VACEK, M. (1886): Über die Fauna der Oolithe von Cap S. Vigilio 
verbunden mit einer Studie über die obere Liasgrenze. —- Abh. 
geol. Bundesanst., Wien, Year 1886: 57-212; Wien. 

VECCHIA, O. (1945): Una fauna retico-liassica della sponda occiden- 
tale Sebina (Bergamo). — Pubbl. Ist. Geol. Paleont. Geogr. fıs. 
R. Univ. Milano (P), Nr. 41: 1-27; Milano. 

VERMEIJ, G. J. (1977): The Mesozoic marine revolution: evidence 
from snails, predators and grazers. — Paleobiology, 3: 
245-258; Lancaster, PA. 

VERNEUIL, M. DE & COLLOMB, E. (1852): Coup d’oeil sur la consti- 
tution geologique de quelques provinces de l’Espagne. - Bull. 
Soc. geol. Fr. (2), 10: 61-147; Paris. 

VERRILL, A. E. (1897): A study of the family Pectinidae, with a revi- 
sion of the genera and subgenera. — Trans. Conn. Acad. Arts 
Scı., 10: 41-96; New Haven. 

VETTERS, H. (1905): Die Fauna der Juraklippen zwischen Donau und 
Thaya. -Beitr. Paläont. Geol. Öst.-Ung., 17: 233-259; Wien. 

WAAGEN, W. (1867): Ueber die Zone des Ammonites Sowerbyı. 
pp- 507-668. In: BENECKE, E. W. Beitrag zur Kenntnis der 
Jura in Deutsch-Lothringen. — Abh. geol. SpezKarte. Els.- 
Loth. (N. S.), 1; München. 

WADDINGTON, C. H. (1957): The strategy of the genes. — 262 pp; 
London (Allen, Unwin). 

WAINWRIGHT, $. A., BIGGs, W. D., CURREY, J. D. & GOSLINE, ]. 
M. (1976): Mechanical design in organisms. — 423 pp; London 
(Arnold). 

WALLER, T. R. (1969): The evolution ofthe Argopecten gibbus stock 
(Mollusca: Bivalvia), with emphasis on the Tertiary and Quat- 
ernary species of eastern North America. — Paleont. Soc. 
Mem. 3 (J. Paleont. 43, Suppl.): 125 pp; Lawrence. 

— — (1971): The glass scallop Propeamussium, a living relict of the 
past.- Ann. Rep. Am. malac. Un., Year 1970: 5-7; ? Buffalo. 

— — (1972a): The functional significance of some shell microstruc- 
tures in the Pectinacea. — 24th Int. geol. Congr. (Sect. 7), 
Nr. 24: 48-56; Montreal. 

— — (1972b): The Pectinidae of Eniwetok Atoll, Marshall Islands. 
— Veliger, 14: 221-264; Berkeley. 


233 


— — (1978): Morphology, morphoclines and a new classification of 
the Pteriomorphia (Mollusca: Bivalvia). - Phil. Trans. R. Soc. 
(B), 284: 345-365; London. 

WANDEL, G. (1936): Beiträge zur Kenntnis der jurassischen Mollus- 
kenfauna von Misol, Ost-Celebes, Buton, Serran und Jamde- 
na. — Neues Jb. Miner. Geol. Paläont. Beilbd (B), 75: 
447-526; Stuttgart. 

WANNIER, M. & PANCHAUD, R. (1977): Catalogue des fossiles origi- 
naux conserves dans les collections de l’Ecole cantonale de 
Porrentruy et du Progymnase de Delemont. — Eclog. geol. 
Helv., 70: 919-932; Lausanne. 

WEIR, J. (1938): The Jurassic faunas of Kenya with descriptions of 
some Brachiopoda and Mollusca. - Monogr. geol. Dep. Hun- 
ter. Mus., Nr. 5: 17-60; Glasgow. 

WELLNHOFER, P. (1964): Zur Pelecypodenfauna der Neuburger 
Bankkalke (Mittel-Tithon). - Abh. bayer. Akad. Wiss. (N. 
S.), Nr. 119: 143 pp; München. 

WENDT, J. (1963): Stratigraphisch-paläontologische Untersuchun- 
gen im Dogger Westsiziliens. —- Boll. Soc. paleont. ital, 2: 
57-145; Modena. 

— — (1971): Genese und Fauna submariner sedimentärer Spalten- 
füllungen im Mediterranen-Jura. — Palaeontographica (A), 
136: 122-192; Stuttgart. 

WHIDBORNE, G. F. (1883): Notes on some fossils, chiefly Mollusca, 
from the Inferior Oolite. - Q. Jl. geol. Soc. Lond., 39: 
487-540; London. 

WIBORG, K. F. (1963): Some observations of the Iceland scallop 
Chlamys islandica (MÜLLER) in Norwegian waters. — Fisk- 
Dir. Skr. Serie Havundersokelser, 13: 38-53; Bergen. 

WıLson, R. ©. L. (1968): Upper Oxfordian palaeogeography of 
southern England. — Palaeogeogr. Palaeoclimatol. Palaeoe- 
col., 4: 5-28; Amsterdam. 

WINKLER, G. G. (1861): Der Oberkeuper nach Studien in den bayri- 
schen Alpen. - Z. dt. geol. Ges., 13: 459-521; Berlin. 

— — (1886): Neue Nachweise über den untern Lias in den bairi- 
schen Alpen. — Neues Jb. Miner. Geol. Paläont., 2: 1-34; 
Stuttgart. 

WITCHELL, E. (1880): Notes on a section of Stroud Hill and the Up- 
per Ragstone Beds of the Cotteswolds. — Proc. Cotteswold 
Nat. Fld. Club, Year 1880: 117-135; Gloucester. 


WOBBER, F. J. (1968): A faunal analysis of the Lias (Lower Jurassic) 
of South Wales (Great Britain). — Palaeogeogr. Palaeoclima- 
tol. Palaeoecol., 5: 269-308; Amsterdam. 

WOODWARD, H. B. (1893): The Jurassic rocks of Britain. Vol. III. 
The Lias of England and Wales (Yorkshire excepted). - Mem. 
geol. Surv. U. K.: 399 pp; London. 

— — (1894): The Jurassic rocks of Britain. Vol. IV. The Lower Oo- 
litic rocks of England (Yorkshire excepted). - Mem. geol. 
Surv. U. K.: 628pp; London. 

WORSSAM, B. C. & IVIMEY-CooK, H. C. (1971): The stratigraphy of 
the Geological Survey borehole at Warlingham, Surrey. — 
Bull. geol. Surv. Gt. Br., Nr. 36: 111pp; London. 


WRIGHT, J. K. (1972): The stratigraphy of the Yorkshire Corallian. — 
Proc. Yorks. geol. Soc., 39: 225-266; Hull. 


— — (1977): The Cornbrash Formation (Callovian) in North 
Yorkshire and Cleveland. — Proc. Yorks. geol. Soc., 41: 
325-346; Hull. 

WRIGHT, R. P. (1974): Jurassic bivalves from Wyoming and South 
Dakota: A study of feeding relationships. — J. Paleont. 48: 
425-433; Lawrence. 

YAMANI, $.-A. (1975): Bivalven-fauna der Korallenkalke von Laisak- 
ker bei Neuburg a. d. Donau. Unteres Tithonium, Bayern. — 
Palaeontographica (A), 149: 31-118; Stuttgart. 


Yın, T.-H. (1931): Etude de la faune Tithonique coralligene du Gard 
et de !’H£rault. - Trav. Lab. Geol. Univ. Lyon, 17, Nr. 14: 
20pp; Lyon. 

YONGE, C. M. (1951): Observations on Hinnites multirugosus. Stu- 
dies on Pacific coast mollusks. III. - Univ. Calif. Publs. Zool., 
55: 409-420; Berkeley. 

— — (1967): Observations on Pedum spondyloidem (CHEMNITZ) 
GMELIN, ascallop associated with reef-building corals. - Proc. 
malac. Soc. Lond., 37: 311-323; London. 

Young, G. & BIRD, J. (1822): A geological survey of the Yorkshire 
coast. - 336pp; Whitby (Clark). 2nd. ed. (1828): 364 pp. 


234 


ZAKHAROV, V. A. (1966): Late Jurassic and Cretaceous bivalve mol- ZIETEN, C. H. von (1830-33): Die Versteinerungen Württembergs. 
luscs of northern Siberia. - 110 pp; Moskva (Nauka). -(1), 1830: 1-16; (2), 1831: 17-32; (3), 1832: 33-64; (4), 1833: 
ZAKHAROV, V. A. & MESEZNIKOV, M. S. (1974): The Volgian stage 65-96; Stuttgart. 


of the subarctic Urals. - 176pp; Moskva (Nauka). 


APPENDIX I 


Species described from the European Jurassic but not discussed in the systematic section of this 
work (see p. 17) 


Pecten Insularum D’Orsıcny 1850 

nudus BuviGnIEr 1852 

. Kralikii CoNTEJEan 1859 

Jarnacensis CoQuAnD 1860 

. delessei EraLıon in THURMANN and ErALLon 1862 
panciplicatus SCHLÖNBACH 1863 

mica DUMORTIER 1869 

. Stoliczkai GEMMELLARO 1874 

. acrorysus GEMMELLARO and Dı Brası 1874 

. billiemensis GEMMELLARO and Dı Brası 1874 

. diplopsides GEMMELLARO and Di Brası 1874 

. grammoprotticus GEMMELLARO and Dı Brası 1874 
nebrodensis GEMMELLARO and Dı Brası 1874 

. oppeli GEMMELLARO and Dı Brası 1874 

. polyzonites GEMMELLARO and Dı Brası 1874 

. siculus GEMMELLARO and Dı Brası 1874 

zitteli GEMMELLARO and Dı Brası 1874 

. (Amusium) cryptozonus GEMMELLARO and Dı Brası in GEMMELLARO 1878 
(A.) megalotus GEMMELLARO and Dı Brası in GEMMELLARO 1878 
clare rugatus BOEHM 1883 

fraudator BoEHM 1883 

. spitzbergensis LUNDGREN 1883 

. indısus DE GREGORIO 1886b 

permitinus DE GRrEGORIO 1886b 

. supradubius DE GrEGoRIO 1886b 

. lencus DE GREGORIO 1886d 

. Zwingensis De LorıoL 1895 

Chlamys meriani Greprın 1899 

Ch. peticlerci GrEprın 1899 

P. lima Fucını 1906 

Ch. janiroides Cossmann 1907a 

P. polycyclus BLascHke 1911 

P. (Entolinm) Beneckei RoLLıer 1911 

P. (Neithea £) Rollieri Cossmann 1916 

P. Nalivinki Borıssıak and Ivanorr 1917 

P. Borissiaki Kuupyarv 1928 
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APPENDIX II 
Derivation of I;o Values 


The moment of inertia (I [A,2]) for a half wavelength of any given sinusoidal corrugation can be 
calculated using the following formula from TımOsHENKO andWoINowsKY-KRIEGER (1959): — 


I R,:] — 10:81 3 f 
15522 GT 


Where f = amplitude (in mm.) 


h = thickness of material (in mm.) 


l= X (in mm.) 


Multiplication by Eu yields a value for a 50 mm length of corrugated section (Iso). 


In text fig. 8 the author has resolved into lines of equal Iso the results of calculations within the 
ranges: amplitude 0-5 mm, wavelength 1-40 mm, thickness of material 0.1-5 mm. 
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Plate 1 


Propeamussium (P.) pumilum (LAMARCK, 1819) 


Right valve internal mould; Northampton Sand Ironstone; Aalenian, Opalinum 
zone; Northampton, Northants. BM 70770; x2. 


Right valve exterior and internal mould; Yeovil Sands; U. Toarcian, Levesquei zone; 
Sherborne, Dorset; BM LL8744; x2. 


Right valve exterior and internal mould; L. Jurassic; Banz, Germany; GPIB 61lc; 
x3 (syntype of Pecten paradoxus MUNSTER, 1836). 


Left valve exterior;Toarcıan; Var, Provence; MNP S01152; x1. 
Left valve internal mould; Aalenian; Aalen, Swabia; BM L3849; x2. 


Left valve interior; U. Pliensbachian; Swabia; BSPHG AS VII 166; 2 (syntype of 
Pecten amalthei OPPEL). 


?valve internal mould; U. Lias; Toarcian; Gündershofen, Germany; GPIB 611b; x3 
(further syntype of Pecten paradoxus MUNSTER, 1836). 


Propeamusium (P.) laeviradiatum (WAAGEN, 1867) 


Left valve exterior; Bajocian, Discites-Laeviuscula zones; Gingen, Württemberg; 
BSPHG AS XXII 29; x 1.5 (lectotype of Pecten laeviradiatus WAAGEN, 1867). 


Left valve exterior; Aalenian/Bajocian; Powerstock, Dorset; BM LL10982; x2. 


Right valve exterior and internal mould; Aalenıan, Opalinum zone; Loders, Dorset; 
BM 42022; x1. 


Right valve exterior and internal mould; horizon and locality as Fig. 10; BM L315; 
x2% 


Entolium sp. 


Left valve internal mould and trace of right valve auricles; Oxfordian; Hohenzollern, 
Swabia; GPIT 4-74-10; x1.5 (sole known type of Pecten cornutus QUENSTEDT; 
figured QUENSTEDT, 1852, pl. 40, fig. 41; 1858, pl. 74, fig. 10). 


?right valve internal mould; Oxfordian, Planula zone; Kirchberg-Tunnel, Franconia; 
BSPHG 1964 1250; x1. 


Propeamussium (P.) nonarıum (QUENSTEDT, 1858). 


Left valve external mould; Neuburger Bankkalke; M. Tithonian; Unterhausen, 
Franconia; BSPHG 1957 VI 1949-1968; x3. 


Left valve internal mould; horizon and locality as Fig. 13; BSPHG 1957 VI 1926; x3. 
?Propeamussium (P.) nonarium (QUENSTEDT, 1858). 


Left valve internal mould; Oxfordıan; Yonne, E. Paris Basin MNS B.03985; x1 
(syntype of Pecten lorierianus COTTEAU). 


Left valve internal mould; horizon and locality as Fig. 15; MNS B. 03985; x 1 (other 
syntype of Pecten lorierrianus COTTEAU). 


Entolium (E.) lunare (ROEMER, 1839). 


Right valve exterior; Marlstone; U. Pliensbachian/L. Toarcian; Wetton, North- 
amptonshire; BM 46444; X 0.5. 


Right valve exterior. Cleveland Ironstone; U. Pliensbachian, Spinatum zone; York- 
shire; BM L18493; x0.5. 


Entolium (E.) orbiculare (J. SOWERBY, 1817). 
Right valve exterior; L. Volgian; Moscow; BM 166735; x1. 
Entolium (E.) 2corneolum (YOUNG and BiIRrD, 1828). 


?valve exterior; U. Jurassic; Solothurn, Switzerland; GPIB 610a; X2 (paratype of 
Pecten cingulatus GOLDFUSS, 1836). 


?left valve exterior; U. Jurassic; Streitberg, Franconia; GPIB 610b; X1 (further 
paratype of Pecten cingulatus GOLDFUSS, 1836). 


?left valve interior; L. Bajocian; Gingen, Swabia; GPIG 868-1; x1. 

Entolium (E.) ?lunare (ROEMER, 1839). 

?right valve exterior; Toarcian; Göppingen, Swabia; GPIG 868-2; x1. 

Entolium (E.) corneolum (YOUNG and BIRD, 1828). 

Right valve exterior and internal mould; Aalenian; Aalen, Swabia; GPIT 1592/1; x1. 
?valve exterior; U. Toarcian; Esch, Luxembourg; GPIG 868-3; x1. 


Right valve exterior; Oxfordian; Yonne, E. Paris Basin; MNS B. 03983; X 1 (syntype 
of Pecten censoriensis COTTEAU). 
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Plate 2 


Pseudopecten (Ps.) equivalvis (J. SOWERBY, 1816). 


Left valve exterior; U. Pliensbachian ;Ilminster, Somerset; BM 79783; x0.5 (lecto- 
type of Pecten equivalvis J. SOWERBY; figured J. SOWERBY, 1816, pl. 136, fig. 1). 


Right valve interior; U. Pliensbachian, Margaritatus zone; Charmouth, Dorset; 
BM 125730; x0.5. s 


Left valve exterior; U. Pliensbachian; Sendelbach, Franconia; BSPHG 1934 IV 8; x4 
(holotype of Pecten sendelbachensis KUHN, 1935; figured KUHN, 1935, pl. 18, 
fig. 32). 

Left valve exterior; Hettangian/L. Sinemurian; Vaihingen, Swabia; GPIT4-9-13; x 1 
(single observed type of Pecten aequalis QUENSTEDT; figured (QUENSTEDT, 1858, 
pl. 9, fig. 13). 


Right valve exterior; Frodingham Ironstone; L. Sinemurian, Semicostatum zone; 
Frodingham, Lincolshire; BM 172344; x1. 


Left valve exterior; “Pecten’ Bed; L. Pliensbachian, Ibex zone; Blockley, Gloucester- 
shire; BM LL17382; x 1.2. 


Left valve exterior; U. Pliensbachian; Curcy, Normandy; BM 65937; x0.5. 


?valve exterior; L. Pliensbachian; Eckersdorf, Franconia; BSPHG AS VII 611; x1 
(syntype of Pecten acutiradiatus MÜNSTER; figured GOLDFUSS, 1833, pl. 89, 
figs. 6a-c). 


?valve exterior; L. Pliensbachian; Charm, Normandy; MNO 1842C; x1 (syntype 
of Pecten cephus D’ORBIGNY). 


®Psendopecten (Ps.) equivalvis (J. SOWERBY, 1816). 


?valve interior; Oolithe Ferrugineuse; Bajocian; Port-en -Bessin; Normandy; 
Specimen in situ; X 1 (uncoated). 


Pseudopecten (Ps.) dentatus (J. DE C. SOWERBY, 1827a). 


?left valve exterior; U. Pliensbachian; Bugbrook, Northamptonshire; BM 20719; 
x1 (lectotype of Pecten dentatus J. DE C. SOWERBY, 1827a; figured J. DE C. 
SOWERBY, 1827a, pl. 574, fig. 1). 


Exterior of other valve of specimen in Fig. 11; X1. 
Posterior view; U. Pliensbachian; Somerset; BM 129112; x 1.5. 


Right valve exterior; Aalenian/Bajocian; Duston, Northamptonshire; BM 82392; 
x1. 


Psendopecten (Echinopecten) barbatus (J. SOWERBY, 1819). 


?left valve internal mould; Bajocian; Niort, S. W. Paris Basin; MNO 2624; x 1 (sole 
observed syntype of Pecten erebus D’ORBIGNY). 


Left valve exterior; Bradford Abbas Fossil Bed; Aalenıan/L. Bajocian, Concavum- 
Discites zones; Bradford Abbas, Dorset; BM 192626; x1. 


Right valve exterior;Aalenian/Bajocian; Dundry, Somerset; BM 73217; x1. 
Anterior view; horizon and locality as Fig. 17; BM 66822; x. 
Pseudopecten (Ps.) veyrasensis (DUMORTIER, 1864). 


Right valve exterior; U. Pliensbachian, Spinatum zone; Banbury, Oxfordshire; 
OUM ]3495; x1. 

Left valve exterior; U. Pliensbachian, Spinatum zone; King’s Sutton, Northampton- 
shire; OUM J3376; x1. 


Right valve interior; Marlstone; U. Pliensbachian; Claysthorpe, Lincolnshire; 
BM L87303; x1. 
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Plate 3 


Spondylopecten (Plesiopecten) subspinosus (SCHLOTHEIM, 1820). 


?right valve exterior; Hornstein; ?Kimmeridgian; Grumbach bei Amberg, 
Franconia; HM MB-M. 25.4; X2 (lectotype of Pectinites subspinosus SCHLOTHEIM, 
1820). 


Slightly elevated antero-dorsal view of right valve; Bajocian; Curcy, Normandy; 
BM 65939; x2. 


Left valve exterior; Bathonian; Normandy; BM 65666; X 1. 


Dorsal view (right valve uppermost); Rubbly Beds; U. Bajocian; Doulting, Somer- 
set; BM 141928; x1. 


Right valve interior of specimen in Fig. 2; X1. 

?valve exterior; U. Bajocian; Garantiana zone; Dundry, Somerset; BM L84528; x1. 
?Spondylopecten (Plesiopecten) subspinosus (SCHLOTHEIM, 1820). 

Left valve internal mould; Hettangian; GPIG 868-4; x1. 

Spondylopecten (S.) palinurus (D’ORBIGNY, 1850). 


Dorsal view (left valve uppermost); Clypeus Grit; U. Bajocıan, Parkinsoni zone; 
Cotswolds; BM 16978; x1. 


Left valve exterior; Aalenıan/Bajocian; Andoversford, Gloucestershire; IGS 8853; 
x1 (single known type of Pecten symmetricus MORRIS; figured HULL, 1857, pl. 1, 
fig. 3). 

Left valve exterior; U. Bajocıan; Broadwindsor, Dorset; BM 184516; x1. 


Right valve exterior; Oxfordian/Kimmeridgian; Somalia; BM L61138; X 1 (holotype 
of Chlamys (Aequipecten) macfadyeni Cox; figured Cox, 1935a, pl. 23, fig. 1b). 
Right valve exterior; Callovian; Cutch, India; BM L75245; x 1 (holotype of Chlamys 
(Spondylopecten?) badıensis Cox; figured Cox, 1952, pl. 1, fig. 15a). 

Right valve exterior; Aalenian/Bajocıan; Stroud, Gloucestershire; BM L84526; x1. 


Slightly elevated antero-dorsal view of left valve exterior; horizon and locality as 
Fig. 10; BM 184524; x1. 

Spondylopecten (S.) subpunctatus (MUNSTER, 1833). 

?valve exterior; Schwammkalk; U. Jurassic; Streitberg, Franconia; BSPHG 
AS VI 627; X2 (lectotype of Pecten subpunctatus MUNSTER). 

Right valve exterior; U. Tithonian; Stramberg, Czechoslovakia; BM L23884; x1. 
Left valve exterior; Kimmeridgian; Kelheim, Franconia; GPIT 4-92-12; x1 (sole 
observed type of Pecten aeguatus QUENSTEDT; figured QUENSTEDT, 1858, pl. 92, 
fig. 12). 

?valve exterior; Tithonian, Laisacker bei Neuburg, Franconia; BSPHG 1957 11329; 
x1 (holotype of Spondylopecten proumbonatus YAMANI; figured YAMANI, 1975, 
pl. 3, fig. 12). 

Left valve exterior; horizon and locality as Fig. 16; BM L72841; x1. 
Spondylopecten (S.) cardinatus (QUENSTEDT, 1858). 

Dorsal view of left valve; Probably U. Coral Bed; U. Bajocian, Parkinsoni zone; 
Dundry, Somerset; BM 84342; x1. 

Right valve exterior; U. Coral Bed; U. Bajocian, Parkinsoni zone; Dundry, 
Somerset; BM 66825; x 1 (sole observed syntype of Pecten spinicostatus WHIDBORNE). 
Spondylopecten (S.) globosus (QUENSTEDT, 1843). 

Anterior view; L. Tithonian; Nattheim, Swabia; GPIT 24046; x 1 (lectotype of 
Pecten globosus QUENSTEDT; figured QUENSTEDT, 1852, pl. 40, fig. 46; 1858, pl. 92, 
fig. 20). 

Left valve exterior of specimen in Fig. 22; x1. 

Left valve exterior; horizon and locality as Fig. 22; BM 49199; x1. 

Camptonectes (C.) aurıtus (SCHLOTHEIM, 1813). 

Left valve exterior; Oxfordian; Oxford, Oxon.; BM 63326; x 1 (syntype of Pecten 
lens J. SOWERBY, neotype of Chamites auritus SCHLOTHEIM; figured J. SOWERBY, 
1818, pl. 205, fig. 2, DUFF, 1978, pl Er fig. 25). 

Right valve exterior; Oxfordian; Malton, Yorkshire; BM LL2445; x 1 (figured DUFF, 
1978, pl. 5, fig. 22). 

Right valve exterior; Kimmeridgian; Hannover, L. Saxony; BSPHG AS VII 634; x1 
(sole observed type of Pecten comatus MÜNSTER). 

Left valve exterior; L. Kimmeridgian; Tonnere, E. Paris Basin; MNS B. 03988; x1 
(sole observed type of Pecten Letteroni DE LORIOL; figured DE LORIOL and LAM- 
BERT, 1893, pl. 10, fig. 8). 


Right valve exterior; Hartwell Clay; M. Tithonian; Aylesbury, Buckinghamshire; 
BM 122171; x1. 


Right valve exterior; Oxfordian; Devizes, Wiltshire; BM L80528; X 1 (syntype of 
Pecten arcuata J. SOWERBY; figured J. SOWERBY, 1818, pl. 205, fig. 7). 


Left valve exterior; horizon and locality as Fig. 26; BM 23173; x1. 

Left valve exterior; Aalenian/Bajocian; Dorset; BM LL31500; x1. 

Left valve exterior; Aalenian/Bajocıan; Yeovil, Somerset; BM LL31501; x1. 

Right valve exterior; Bajocian; Giengen, Württemberg; BSPHG AS XXII 32; x0.8 
(sole observed syntype of Pecten aratus WAAGEN; figured WAAGEN, 1867, pl. 31, 
fig. 3). 

Right valve exterior; Bajocian; Stamford, Lincolnshire; BM L73166; X0.75 (holo- 
type of Pecten triformis WHIDBORNE; figured WHIDBORNE, 1833, pl. 16, fig. 3). 
?valve exterior; U. Toarcian; Stubbington, Northamptonshire; BM L89416; x 1.5. 


Right valve exterior; Aalenian/Bajocian; Rodborough, Gloucestershire; BM L17536; 
x 1 (syntype of Pecten Clypeatus WITCHELL; figured WITCHELL, 1880, pl. 5, fig. 1a). 


Left valve exterior; Aalenian/Bajocıian; Cheltenham, Gloucestershire; BM 66795; 
x1. 


Right valve exterior; Aalenian/Bajocian; Dundry, Somerset; BM 66828; x1. 


Right valve exterior; Aalenian, Opalinum zone; Gloucester, Glos.; BM L41942; x 1 
(sole observed syntype of Camptonectes aalensıs PARIS & RICHARDSON; figured 
PARIS & RICHARDSON, 1916, pl. 44, fig. 3b). 
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Plate 4 


Camptonectes (C.) virdunensis (BUVIGNIER, 1852). 


Left valve exterior and internal mould; Tithonian; Stramberg, Czechoslovakia; 
NMW 190X IX 211; x1. 


Right valve exterior and internal mould; horizon and localıty as Fig. 1; 
NMW 1912 11297; x1. 


Camptonectes (C.) subulatus (MÜNSTER, 1836). 
Left valve exterior; L. Lias; Charmouth, Dorset; BM L40674; x 1. 


Left valve exterior; L. Jurassic; Württemberg; GPIB 609; x1 (syntype of Pecten 
calvus GOLDFUSS). 


Left valve exterior and internal mould; L. Lias; Charmouth, Dorset; BM 140676; 
x1.4. 


Right valve exterior; L. Lias; Meurthe, E. Paris Basin; GPIG 868-5; x1. 


Right valve internal mould; L. Pliensbachian, Jamesoni zone; Robin Hood’s Bay, 
Yorkshire; BSPHG 1983 XVII 1; x1. 


?Camptonectes (C.) subulatus (MÜNSTER, 1836). 


Right valve exterior; Hettangian, Planorbis zone; Wanne, Germany; GPIT 44-8; 
x1 (sole observed syntype of Pecten disparılis QUENSTEDT; figured QUENSTEDT, 
1858, pl. 4, fig. 8). 


?right valve exterior; Sutton Stone; Hettangian; Glamorgan; IGS 91801; x 1 (syntype 
of Pecten Etheridgii TAWNEY). 


Camptonectes (C.) laminatus (J. SOWERBY, 1818). 
Left valve exterior; horizon and locality unknown; BM LL31502; x 1.5. 


Right valve exterior; Forest Marble; U. Bathonian; $. England; BM 43329; x1.5 
(holotype of Pecten similis J. SOWERBY; figured J. SOWERBY, 1818, pl. 205, fig. 6). 


Left valve exterior; Forest Marble; U. Bathonian; S. England; BM L1764; x1. 


Left valve exterior; ?Forest Marble; U. Bathonian; $. England (see ARKELL, 1930a: 
96); BM 43327; X 1.5 (holotype of Pecten laminata J. SOWERBY; figured J. SOWERBY, 
1818, pl. 205, fig. 4). 


Right valve exterior; Bathonian; Minchinhampton, Gloucestershire; BM 20732; x1. 


?valve exterior; Bathonian; Moselle, E. Paris Basin; ENSM L334; x 1 (sole observed 
type of Pecten anguliferus TERQUEM & JOURDY; uncoated; figured TERQUEM & 
JourDy, 1869, pl. 13, fig. 16). 


Camptonectes (C.) Haminatus (J. SOWERBY, 1818). 
Right valve exterior; Oxfordian; Osmington, Dorset; BM L18339; x 1. 
Camptonectes (Camptochlamys) obscurus (J. SOWERBY, 1818). 


Left valve exterior; Tithonian; Chicksgrove, Wiltshire; BM 43299; X 0.9 (syntype of 
Pecten lamellosus J. SOWERBY). 


Right valve exterior; ?Cornbrash; U. Bathonian/L. Callovian; Felmarsham, 
Wiltshire; BM 43301; X0.7 (holotype of Pecten annulatus J. DE C. SOWERBY; figured 
J. DE C. SOWERBY, 1826a, pl. 542, fig. 1). 


Right valve exterior; Bathonian; Wollaston, Northamptonshire; BM 176363; x1. 
Left valve exterior; Forest Marble; U. Bathonian; $. England; BM LL31503; x1. 
Right valve exterior; Tithonian; Portland, Dorset; BM 10113; x1. 

Left valve exterior; Bathonian; ?Wollaston, Northamptonshire; BM L76360; x1. 


Right valve exterior and internal mould; Stonesfield Slate; L. Bathonian; Stonesfield, 
Oxfordshire; BM 43325; x1 (holotype of Pecten obscura J. SOWERBY; figured 
J. SOWERBY, 1818, pl. 205, fig. 1). 


?right valve exterior; Callovian, Athleta zone; Cutch, India; BM 175265; X 1 (para- 
type of Camptonectes indicus COX). 


Camptonectes (Camptochlamys) clathratus (ROEMER, 1836). 
Left valve exterior; Bathonian; Ranville, Normandy; BM 25985; x1. 


Left valve exterior; Bathonian; Minchinhampton, Gloucestershire; IGS 9169; x1 
(lectotype of Pecten retiferus MORRIS & LYCETT; figured MORRIS & LYCETT 1853, 
pl. 1, fig. 15). 


Left valve exterior; Oxfordian; Malton, Yorkshire; BM 47412; x0.9. 
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Camptonectes (Camptochlamys) clathratus (ROEMER, 1836). 
Right valve exterior; Bathonian; Minchinhampton, Gloucestershire; BM 79053; x1. 
Right valve exterior; horizon and locality as Fig. 1; BM 207525; x.0.9. 


Right valve exterior; Oxfordian; Meuse, E. Paris Basin; ENSM 1340; x0.5 (sole 
observed type of Pecten Michaelensis BUVIGNIER; uncoated; figured BUVIGNIER, 
1852, pl. 32, fig. 4). 


Right valve exterior; Oxfordian; Malton, Yorkshire; BM 176377; x1. 
Eopecten velatus (GOLDFUSS, 1833). 

Left valve exterior; U. Jurassic; Furstenberg, ?Swabia; BM LL31504; x1. 
Right valve exterior; Toarcian; Curcy, Normandy; BM 65900; x1. 


Left valve exterior; L. Pliensbachian; Eslingen, ?Swabia; GPIT 1592/2; x 1 (neotype 
of Pecten velatus GOLDFUSS). 


Left valve exterior of specimen in Fig. 5; X1. 
Eopecten spondyloides (ROEMER, 1836). 
Left valve exterior; Aalenian/Bajocıan; Bradford Abbas, Dorset; BM 9638; x1. 


Left valve exterior; Oxfordian, Pseudocordata zone; Weymouth, Dorset; 
BM 50999/A; x1. 


Left valve exterior; Oxfordian; Malton, Yorkshire; BM 50999/B; x1. 
Left valve exterior; horizon and locality as Fig. 11; BM 23342; x1. 


Left valve exterior; ?Aalenian, Opalinum zone; Leckhampton, Gloucestershire; 
BM 6678; x1. 


Left valve exterior; Aalenian/L. Bajocian, Concavum-Discites zone; Bradford 
Abbas, Dorset; BM L9961; x1. 
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Plate 6 


Eopecten aff. spondyloides (ROEMER, 1836) and abjectus (PHILLIPS, 1829). 


Left valve exterior; ?Bajocian; Wasseralfingen, Swabia; BSPHG AS VII 640; x0.8 
(holotype of Spondylus tuberculosus GOLDFUSS; figured GOLDFUSS, 1836, pl. 105, 
fig. 2). 

Eopecten spondyloides (ROEMER, 1836). 


Left valve exterior; ; Calcaire A Trigonies; Kimmeridgian; Le Havre, Normandy; 
ENSM L336; X 0.6 (sole observed type of Hinnites fallax DOLLFUS; figured DoLL- 
FUS, 1863, pl. 15, fig. 14). 


Left valve exterior; U. Tithonian, Transitorius zone; Stramberg, Czechoslovakia; 
BM LL23888; x1. 


Right valve interior; Bajocian; Wansford, Northamptonshire; BM 172575; x1. 
Eopecten abjectus (PHILLIPS, 1829). 


Right valve exterior and internal mould; Northampton Sand Ironstone; Aalenian, 
Opalinum zone; Uppingham, formerly Rutland; BM LL12986; x1. 


Left valve exterior and internal mould; Aalenian/Bajocian; ?Northampton, 
Northants; BM LL31505; x1. 


Left valve exterior; Aalenian/Bajocian; Duston, Northamptonshire; BM 82385; X1. 
Left valve exterior; Aalenian/Bajocian; Ravensgate, ?Yorkshire; BM 52019; x1. 
Left valve exterior; U. Pliensbachian; Staithes, Yorkshire; BM 47353; X1. 
Chlamys (Ch.) textoria (SCHLOTHEIM, 1820). 


Left valve interior (‘coarse’ phenotype); Toarcian; Lyons, Rhone Basın; 
MNO 2075A; x 1 (syntype of Pecten Phillis D’ORBIGNY). 
Left valve exterior (“intermediate’ phenotype); Hierlatzkalk, L. Lias; Schwarzen- 


berg, N. Calcareous Alps; BSPHG AS XXIV 52; x1 (sole observed syntype of 
Pecten lacunarius ROTHPLETZ; figured ROTHPLETZ, 1886, pl. 14, fig. 18). 


Right valve internal mould (‘coarse’ phenotype); L. Tithonian; Arnegg, Swabia; 
GPIT 2-92-3; x 1 (holotype of Pecten Quenstedti BLAKE; figured QUENSTEDT, 1852, 
pl. 92, fig. 3). 
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Chlamys (Ch.) textoria (SCHLOTHEIM, 1820). 


Right valve exterior (‘coarse’ phenotype); L. Bajocıian, Sauzei zone; Cleeve Hill, 
Gloucestershire; BM 141978; x1 (sole observed type of Chlamys articulata var. 
sauzeana PARIS & RICHARDSON; figured PARIS & RICHARDSON, 1916, pl. 45, fig. 3a). 


Right valve exterior and internal mould (‘coarse’ phenotype); Oxfordian; Yonne, 
E. Parıs Basin; MNS B. 03987 x 1 (syntype of Pecten desmoulinsianus COTTEAU). 


Left valve exterior (‘coarse’ phenotype); horizon and locality as Fig. 2; 
MNS B. 03987; x 1 (other syntype of Pecten desmoulinsianus COTTEAU). 


Left valve exterior (‘coarse” phenotype); Bathonian; Longwy, E. Paris Basın; 
ENSM L342; X 1 (holotype of Pecten semispinatus TERQUEM & JOURDY; uncoated; 
figured TERQUEM & JOURDY, 1869, pl. 13, fig. 21). 


?left valve internal mould (‘coarse’ phenotype); Toarcian; Deux Sevres, W. Paris 
Basin; MNO 2075C; x1 (further syntype of Pecten Phillis D’ORBIGNY; cf. Pl. 6, 
Fig. 10). 

Left valve exterior (‘coarse’ phenotype); L. Kimmeridgian; Yonne, E. Paris Basin; 
MNS B. 03982; x1 (sole observed type of Pecten pelops DE LORIOL). 


Left valve exterior of specimen in Fig. 1; X1 (figured Parıs & RICHARDSON, 1916, 
pl. 45, fig. 3b). 

Left valve exterior (‘coarse’ phenotype); Pea Grit; Aalenian, Murchisonae zone; 
Haresfield Edge, Gloucestershire; BM 184976; x1. 


Left valve exterior (‘coarse’ phenotype); Cornbrash; U. Bathonian/L. Callovian, 
Discus/Macrocephalus zones; ?England; BM 166350; x 1. 


Left valve exterior (‘coarse’ phenotype); Callovian; Haute Marne, E. Paris Basın; 
MNO 3400A; x 1 (syntype of Pecten Camillus D’ORBIGNY). 


Right valve exterior (‘coarse’ phenotype); Aalenian/Bajocian; Sherborne, Dorset; 
BM 9862; x1. 


Right valve exterior (‘coarse’ phenotype); L. Pliensbachian; Altdorf, ?Württemberg; 
BSPHG AS VII 617; x1. 


Left valve internal mould (‘coarse” phenotype); U. Pliensbachian; Neumarkt, 
Franconia; BSPHG AS I 867; x0.9 (holotype of Chlamys neumarktensis KUHN; 
figured KUHN, 1936, pl. 12, fig. 40). 


Left valve exterior (“intermediate’ phenotpye); U. Toarcian; Swabia; GPIT 1592/3; 
x1. 


?right valve exterior (“intermediate’ phenotype); L. Bajocian, Sauzei zone; Malan- 
court, Lorraine; BSPHG 1983 XVII 2; x1. 


?right valve exterior and internal mould (“fine’ phenotype); L. Tithonian; Nattheim, 
Swabia; BSPHG AS VII 623; x1 (sole observed type of Pecten subtextorins 
MÜNSTER; figured GOLDFUSS, 1833, pl. 90, fig. 11a, 11b). 


Left valve exterior (intermediate’ phenotype); Callovian; Bayreuth, Franconia; 
BSPHG AS VII 620; x 1 (sole observed type of Pecten ambiguus MÜNSTER; figured 
GoLDFUuss, 1833, pl. 90, figs. 5a, 5b). 


?right valve exterior (intermediate’/fine” phenotype); Oxfordian; Nantua, Ain, 
France; MNO 3761; X1 (possible syntype of Pecten episcopalis DE LORIOL). 


Left valve exterior and internal mould (‘coarse’/‘intermediate’ phenotype); Notgrove 
Freestone; L. Bajocian; Cheltenham, Gloucestershire; BM L41976; x1.1 (sole 
observed syntype of Chlamys articulata var. notgroviensis PARIS & RICHARDSON; 
figured PARIS & RICHARDSON, 1916, pl. 45, fig. 2). 

Right valve exterior (‘intermediate’ phenotype); Frodingham Ironstone; L./U. 
Sinemurian; Scunthorpe, Lincolnshire; BSPHG 1983 XVII 3; x1. 

?left valve exterior (fine” phenotype); L. Pliensbachian; Amberg, Franconia; 
BSPHG AS VII 619; x1 (alleged holotype of Pecten texturatus MUNSTER, ?figured 
GOLDFUSS, 1833, pl. 90, fig. 1). 

Left valve exterior (‘fine’ phenotype); Oxfordian; Ledonian Jura; MNS B. 03986; x 1 
(holotype of Pecten icannensis COTTEAU; syntype of Pecten (Chlamys) Etiveyensis 
DE LORIOL; figured DE LORIOL, 1904, pl. 24, fig. 1). 

Right valve exterior (‘fine’ phenotype); horizon and locality as Fig. 22; MNS B. 03986; 
x 1 (other syntype of Pecten (Chlamys) Etiveyensis DE LORIOL). 
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Plate 8 


Chlamys (Ch.) textoria (SCHLOTHEIM, 1820). 


Right valve exterior (‘coarse’ phenotype); Oxfordian; Malton, Yorkshire (see, how- 
ever, p. 173); BM 43318; X 1 (sole known type of Pecten vimineus J. DE C. SOWERBY; 
figured J. DE C. SOWERBY, 1826a, pl. 543, fig 1). 

Left valve exterior (‘coarse’ phenotype); Aalenian, Murchisonae zone; Crickley, 
Gloucestershire; BM L42060; x 1 (sole observed type of Eopecten articulatus PARIS 
& RICHARDSON; figured PARIS & RICHARDSON, 1916, pl. 44, fig. 5). 


Left valve exterior (‘coarse’ phenotype); Callovian; Cöte d’Or, Rhone Basin; 
MNP S. 2960; x1. 


Left valve exterior of specimen in Fig. 1; 1 (figured J. DE C. SOWERBY, 1826a, 
pl. 543, fig. 2). 


Left valve exterior and internal mould (‘coarse’ phenotype); , Oxfordian; Ringstead 
Bay, Dorset; BM LL8367; x1. 


?left valve exterior (‘coarse’ phenotype); L. Bajocian, Sauzei zone; Malancourt, 
Lorraine; BSPHG 1983 XVII 4; x1. 


Left valve exterior (‘coarse’ phenotype); L. Lias; Lyme Regis, Dorset; BM LL31506; 
x1. 


Left valve exterior (“intermediate’ phenotype); Oxfordian; locality unknown; 
BM L6986; x1. 


Right valve exterior and internal mould (‘intermediate’ phenotype); Aalenian/ 
Bajocian; Les Moutiers, Normandy; BM 65914; x1. 


Right valve exterior (intermediate’ phenotype); L. Pliensbachian, Jamesoni zone; 
Radstock, Somerset; BM 177260; x1. 


Left valve exterior of specimen in Fig. 11; x1. 


Left valve exterior and internal mould (“fine’ phenotype); L. Tithonian; Schnait- 
heim, Swabia; GPIT 4-92-7; x 1 (sole observed type of Pecten subtextorius Schnait- 
heimensis QUENSTEDT; figured QUENSTEDT, 1858, pl. 92, fig. 7). 


Left valve exterior (“fine’ phenotype); U. Jurassic; ?S. Germany; GPIT 1592/4; x1. 


Left valve exterior (‘intermediate’ phenotype); horizon and localıty as Fig. 7; BSPHG 
1983 XVII 5; x1. 


Left valve exterior (“fine” phenotype); Bajocian; Osterholz, ?S. Germany; 
GPIT 1592/5; x1. 


Left valve exterior and internal mould (“fine phenotype); L. Lias; Radstock, 
Somerset; BM 78404; x1. 


Left valve exterior and internal mould (“fine phenotype); Aalenian/Bajocian; 
Dundry, Somerset; BM 66873; x 0.9. 


Left valve exterior and internal mould (“fine’ phenotype); Toarcian; Fontaine 
Etoupefour, Normandy; BM 65897; x 0.9. 


?right valve exterior and internal mould (“fine’ phenotype); L. Lias; Amberg, 
Franconia; HM M23; X 1 (lectotype of Pectinites textorius SCHLOTHEIM). 


?Chlamys (Ch.) textoria (SCHLOTHEIM, 1820). 


Left valve exterior (‘coarse’ phenotype); Muschelkalk; M. Triassic; Württemberg; 
BM L705; x1. 
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Chlamys (Ch.) valoniensis (DEFRANCE, 1825b). 

Left valve exterior; Hettangian; Radstock, Somerset; BM 177427; x0.9. 

Left valve exterior; Rhaetic; Valognes, Normandy; BM 50031; X 0.9. 

Right valve internal mould; Kössen Beds; U. Trias; Lahnewiesgraben, N. Cal- 


careous Alps; BSPHG AS IX 42; x1 (probable syntype of Pecten acutauritus 
SCHAFHÄUTL). 

Right valve exterior and internal mould; Sutton Stone; Hettangian; Glamorgan; 
IGS 7830; x 1 (sole observed type of Pecten Suttonensis TAWNEY; figured TAWNEY, 
1866, pl. 3, fig. 3). 

Left valve exterior; Rhaetic; Birkengehren, ?S. Germany; GPIT 2-1-33; x1 (sole 
observed syntype of Pecten cloacinus QUENSTEDT; figured QUENSTEDT, 1852, pl. 1, 
fig. 33). 

Right valve exterior; Hettangian; Valognes or Orglandes, Normandy; BM 165800; 
x1. 

Chlamys (Ch.) Pollux (D’ORBIGNY, 1850). 

Right valve exterior; L. Lias; Bristol, Avon; BM L15486; X 1. 

Left valve exterior; Pleuromya Beds; Hettangian (sensu POOLE, 1979); Bristol, 
Avon; BM 177279; x1. 

Radulopecten vagans (J. DE C. SOWERBY, 1826a). 

Left valve exterior (late developer’); Bathonian; Wollaston, Northamptonshire; 
BM 76311; x1 (sole observed type of Pecten Wollastonensis LYCETT; figured 
LYcETT, 1863, pl. 2, fig. 2a). 

Left valve exterior (‘late developer’); Bathonian; Caen, Normandy; BM L3711; x1. 
Left valve exterior (‘late developer’); Lion Caillasse; U. Bathonian, Discus zone; Luc 
sur Mer, Normandy; OUM JZ1827; x1. 

Left valve exterior (‘late developer’); L. Cornbrash; U. Bathonian, Discus zone; 
Stanton St. Quintin, Wiltshire; BM 23854; x1. 

Left valve exterior (late developer’); Couches ä Polypiers; U. Bathonian, Aspidoides 
zone; Luc sur Mer, Normandy; BM 65881; x1. 

Left valve exterior (‘intermediate/late developer’); Cornbrash; U. Bathonian/L. Cal- 
lovian, Discus/Macrocephalus zones; locality unknown; BM L11782; x1. 

Left valve exterior (intermediate developer”); Bathonian; Marquise, Normandy; 
MNO 2879A; x1 (syntype of Lima Nerina D’ORBIGNY). 


Right valve exterior (late developer’, ‘non-striate morph); horizon as Fig. 14; 
Rushden, Northamptonshire; BM 76310; x1 (syntype of Pecten Rushdenensis 
LYCETT; figured LYCETT, 1863, pl. 33, fig. 4). 

Left valve exterior (intermediate developer’); horizon as Fig. 14; locality unknown; 
BM LL31507; x 0.9. 

Left valve exterior (“intermediate developer’); L. Bathonian; Minchinhampton, 
Gloucestershire; IGS 9168; X 1 (lectotype of Pecten hemicostatus MORRIS & LYCETT; 
figured MORRIS & LYCETT, 1852, pl. 1, fig. 16). 

Left valve exterior (intermediate/late developer’); horizon and locality as Fig. 12; 
BM 23854; x0.9. 

Left valve exterior (intermediate developer’); horizon and locality as Fig 12; 
BM 23854; x1. 


Left valve exterior (‘early/intermediate developer’); horizon and locality as Fig 12; 
BM 23854; x 0.9. 


Left valve exterior (intermediate developer’); horizon and locality as Fig. 15; 
MNO 2879A; x1 (further syntype of Lima Nerina D’ORBIGNY). 


Right valve exterior (‘'non-striate’ morph) of specimen ın Fig. 21; X0.9. 


Right valve exterior (“early/intermediate developer’, ‘non-striate” morph); horizon 
and locality as Fig. 12; BM 23854; x1. 


Right valve exterior (late developer’, ‘striate” morph); Aalenian/Bajocian; locality 
unknown; BM L17730; x1. 


Left valve exterior (‘early/intermediate developer’); horizon and locality as Fig. 18; 
BM 20736; x1. 


Left valve exterior (‘intermediate/late developer”); Bradford Clay; U. Bathonian, 
Discus zone; Bradford on Avon, Wiltshire; BM L6985; x1. 


Left valve exterior of specimen in Fig. 24; X1. 


Left valve exterior (‘intermediate developer’); U. Bathonian; Ranville, Normandy; 
BM 65903; x1. 


Fig. 34: 


Right valve exterior (‘non-striate’ morph) of specimen in Fig. 19; x0.9. 

Left valve exterior (“early developer’); horizon as Fig. 14; Chatley, Somerset; 
BM 43319; X 1 (lectotype of Pecten vagans ]. DE C. SOWERBY; figured J. DE C. SOW- 
ERBY, 1826a, pl. 543, fig. 3). 

Left valve exterior; horizon and locality as Fig. 11; OUM JZ1828; x1. 

Left valve exterior (intermediate developer”); horizon and locality as Fig. 27; 
BM L77773; x1. 

Radulopecten ?vagans (J. DE C. SOWERBY, 18268). 


Left valve exterior (“intermediate developer’); Oxfordian; Malton, Yorkshire; 
BM 13634; x1. 
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Radulopecten varıans (ROEMER, 1836). 


Right valve exterior; Osmington Oolite; Oxfordian, Transversarıium zone; Dorset; 
BM LL10967; x1. 


Left valve exterior; horizon and localıty as Fig. 1; BM L110969; x1. 
Left valve exterior; Oxfordian; Steeple Ashton, Wiltshire; BM 24563; x 1. 
Radulopecten strictus (MUNSTER, 1833). 


Right valve exterior; L. Kimmeridgian; Tonnerre, Yonne; MNSB. 03984; x1 (sole 
observed type of Pecten sainputeanus DE LORIOL; figured DE LORIOL & LAMBERT, 
1893, pl. 10, fig. 9). 


Right valve exterior; U. Calcareous Grit or basal Kimmeridge Clay; U. Oxfordian/ 
L. Kimmeridgian, Pseudocordata/Baylei zones; Ringstead Bay, Dorset; 
BM 87356; x1. 


Left valve exterior; L. Kimmeridgian; Rabenstein or Thurnau, Germany; 
BSPHG AS VII 636; X1 (lectotype of Pecten strictus MÜNSTER; figured GOLDFUSS, 
1833, pl. 91, figs. 4a, 4b). 


Radulopecten fibrosus (]. SOWERBY, 1816). 


Left valve exterior; ?Red Beds; Oxfordian, Cautisnigrae zone; Osmington, Dorset; 
BSPHG 1983 XVII 6; x1. 


Latex rubber cast of left valve external mould; Kellaways Rock; L. Callovian, 
Calloviense zone; Blakey Topping, Yorkshire; BSPHG 1983 XVII 7; x1. 


Left valve exterior; probably Oxfordian; Headington, Oxfordshire; OUM ]9058; 
x1. 


Left valve exterior; Oxfordian; Scarborough, Yorkshire; BM L3615; x1. 


Left valve exterior; “Trigonia’ clavellata Beds; Oxfordian, Cautisnigrae zone; 
Osmington Mills, Dorset; OUM 18247; x1 (syntype of Chlamys (Aequipecten) 
superfibrosa ARKELL; figured ARKELL, 1931a, pl. 11, fig. 13). 


Left valve exterior; horizon as Fig. 11; Stour Provost, Dorset; OUM ]8248; x 1 
(further syntype of Chlamys (Aequipecten) superfibrosa ARKELL; figured ARKELL, 
1931a, pl. 11, fig. 14). 


Left valve exterior; U. Calcareous Grit; Oxfordian, Pseudocordata zone; Hinton 
Trowbridge, Wiltshire; BM 24685; x 1. 
Left valve exterior; Oxfordian; Weymouth, Dorset; BM 171386; x 1. 


Left valve exterior; “Trigonia’ hudlestoni Bed; Oxfordian, Plicatilis zone; High- 
worth, Wiltshire; OUM J8211; x1. 


Left valve exterior; Westbury Ironstone; Oxfordian, Pseudocordata zone; West- 
bury, Wiltshire; BM L84556; x1. 


Left valve exterior; horizon as Fig. 13; Sandsfoot Castle, Dorset; OUM ]8206; x1. 


Left valve exterior and internal mould; horizon and locality as Fig. 17, BM LL31508; 
x1. 


Right valve exterior; probably Kellaways Beds (ArKELL, 1931a: 113); L. Callovian, 
Calloviense zone; Chatley, Somerset; BM 43306; x1 (paralectotype of Pecten 
fibrosus J. SOWERBY; figured J. SOWERBY, 1816, pl. 136, fig. 1). 


Right valve interior; Oxfordian, Oxford, Oxon.; BM 43305; X 1 (lectotype of Pecten 
fibrosus J. SOWERBY, figured J. SOWERBY, 1816, pl. 136, fig. 2). 


Right valve exterior; Oxfordian; Trouville, Normandy; MNO 3754; X 1 (syntype of 
Pecten subfibrosus D’ORBIGNY). 


Radulopecten ?scarburgensis (YOUNG & BIRD, 1822). 


Left valve exterior; U. Cornbrash; L. Callovian, Macrocephalus zone; Scarborough, 
Yorkshire; BM 47431; x1. 


Radulopecten scarburgensis (YOUNG & BIRD, 1822). 


Left valve exterior; Oxford Clay; Callovian/L. Oxfordian; ?Summertown, 
Oxfordshire; OUM J14548; x1. 

Anterior view; Oxfordian; Hauteville, Cöte d’Or; BM 38038; x1. 

Right valve exterior and internal mould; horizon as Fig. 23; Cowley, Oxfordshire; 
OUM J9549; x1. 

Left valve exterior; Callovian/Oxfordian; Liffol, E. Paris Basin; x0.9 (from 
DECHASEAUX, 1936, pl. 7, fig. 4). 

Left valve exterior and internal mould; probably Argiles de Dives; Callovian 


(labelled “Argiles Oxfordiennes de Dives’); Vaches Noires, Dives, Normandy; 
BM 65377; x1. 


29 


Kis2%: 


Left valve exterior and internal mould; Kimmeridgian; Heiligenstadt, Franconia; 
BSPHG AS VII 621; x1 (syntype of Pecten subarmatus MUNSTER; figured GOLD- 
Fuss, 1833, pl. 90, fig. 8). 

Radulopecten ?fibrosus (J. SOWERBY, 1816). 

Right valve external mould; Kellaways Rock; L. Callovian, Calloviense zone; 
South Cave area, Yorkshire; BM L88737; x 1 (holotype of Chlamys (Radulopecten) 
drewtonensis NEALE; figured NEALE, 1956, pl. 28, fig. 3). 
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Radulopecten ?scarburgensis (YOUNG & BIRD, 1822). 

Right valve exterior and internal mould; Tithonian; Cutch, India; BM 175243; x1 
(paratype of Chlamys (Radulopecten) moondanensis Cox; figured Cox, 1952, pl. 2, 
fig. 7). 

Right valve exterior; Oxford Clay; Callovian/L. Oxfordian; Launoy, Ardennes; 
BM LL31509; x1. 

Radulopecten inequicostatus (YOUNG & BIRD, 1822). 

Right valve exterior; Bathonian; Lauffen, ?S. Germany; GPIT 1592/6; x 1. 

?valve ventral view; Oxfordian; St. Remi, ?France; BM 32773; x1. 

Left valve exterior; Oxfordian; Headington, Oxfordshire; BM 83661; x1. 


Left valve exterior; Oxfordian; Malton, Yorkshire; BM 23173; X1 (neotype of 
Pecten inequicostatus YOUNG & BIRD). 


Right valve exterior; Oxfordian; Yonne, E. Paris Basin; MNP $.11459; x1. 
Radulopecten sigmaringensis (ROLLIER, 1915). 
Left valve exterior; L./M. Tithonian; Einsingen, Swabia; BM LL31510; x1. 


Right valve exterior; L./M. Tithonian; Jungnau, Swabia; GPIT 4-72-8; X 1 (holo- 
type of Pecten (Aequipecten) Sıgmarıngensis ROLLIER; figured QUENSTEDT, 1858, 
pl. 72, fig. 8). 
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ABSTRACT 


The stratigraphically most complete Aalenian sections of 
the southern Andes lie in the Chilean Precordillera between 
the Salar de Pedernales and the Rio Transito. Of particular 
importance are sections in the area east of Potrerillos, in the 
Quebrada EI Bolito and about the Haciende Manflas. The 
best sections in west-central Argentina are near Malargue and 


Zapala. 


In contrast to Europe, Hammatoceratidae are much more 
abundant in the South American Aalenian than Graphocera- 
tidae. It is therefore mainly the Hammatoceratidae that fur- 
nish the biozonation in South America. Correlation with the 
European lower Aalenıan is possible with representatives of 
the Leioceratinae ofthe Graphoceratidae as wellas Bredyıa of 
the Hammatoceratidae. Important for upper Aalenian corre- 
lations are cosmopolitan Hammatoceratidae as well as Tme- 
toceras known to range only to the Aalenian/Bajocian bound- 
ary. 

The following ammonite zones are distingushed (from be- 
low): (1) Assemblage zone of Bredyia manflasensis [nov.] = 


Opalınum + Scissum Standard Zones; (2) Assemblage zone 
of Zurcheria groeberi (in Chile with abundant Parammatoce- 
ras jenseni n. sp.) Murchisonae Standard Zone; (3) Assem- 
blage zone of Puchenguia malarguensis, with range-subzones 
of (a) P. compressa [nov.] = lower Concava Standard Zone, 
and (b) P. mendozana [nov.| = upper Concava Standard 
Zone, as well as the (c) zonule (horizon) of Podagrosiceras 
manbeugei |nov.] = Aalenian/Bajocian boundary. 


The systematic part particularly describes the Chilean am- 
monites ofthe Aalenian. Bredyia is represented with two new 
species; Parammatoceras with one new species; the abundant 
Puchenquia (Gerthiceras) yielded one new subspecies; partly 
new representatives of Leioceras occur scarcely; one speci- 
men could belong to a new species of Ludwigia. Representa- 
tives of Tmetoceras, Planammatoceras, Eudmetoceras, Fon- 
tannesia?, Podagrosiceras and Zurcheria are placed in pre- 
viously known species. 


RURZEASSUNG 


Die sowohl sedimentär als auch biostratigraphisch voll- 
ständigsten Profile des Aalenıum der südlichen Anden liegen 
in der chilenischen Präkordillere zwischen dem Salar de Pe- 
dernales und dem Rio Transito. Besonders wichtige Profile 
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liegen im Gebiet östlich von Potrerillos, ın der Quebrada El 
Bolito und im Gebiet der Hacienda Manflas. Die besten und 
vollständigsten Abfolgen des argentinischen Aalenium befin- 
den sich im Malargue-Gebiet der südlichen Provinz Mendoza 
und im Gebiet von Zapala der südlichen Provinz Neuquen. 


Im Gegensatz zu Europa sind Hammatoceratidae im süd- 
amerikanischen Aalenıum sehr viel häufiger als Graphocera- 
tidae. Vor allem Hammatoceratidae sind es deshalb, die zur 
Biozonierung des südamerikanischen Aalenıum herangezo- 
gen werden können. Ein Vergleich mit Europa ist im tieferen 
Aalenium mit seltenen Vertretern der Leioceratinae der Gra- 
phoceratidae und Bredyia der Hammatoceratidae möglich. 
Für den Vergleich des höheren Aalenium sind weltweit auf- 
tretende Hammatoceratidae wichtig sowie das letzte Vor- 
kommen von Tmetoceras im Aalenıum/Bajocıum-Grenzbe- 
reich. 


Die folgenden Ammoniten-Zonen werden unterschieden 
(von unten): (1) Faunizone der Bredyia manflasensis [nov.] = 
Opalinum + Scissum Standard-Zonen; (2) Faunizone der 
Zurcheria groeberi (in Chile häufig Parammatoceras jenseni 
n. sp.) = Murchisonae Standard-Zone; (3) Faunizone der Pu- 
chenguia malarguensis, mit den Subzonen der (a) P. com- 
pressa |nov.] = untere Concava Standard-Zone und (b) 
P. mendozana |nov.] = obere Concava Standard-Zone so- 
wie (c) der Horizont (Zonule) des Podagrosiceras maubeugei 
[nov.] = Aalenium/Bajocium-Grenzbereich. 


Im systematischen Teil werden hauptsächlich in Chile auf- 
tretende Ammoniten des Aalenium beschrieben. Bredyıa ist 
mit zwei, Parammatoceras mit einer neuen Art vertreten. 
Das häufige Puchenguia (Gerthiceras) lieferte eine neue Un- 
terart, Vertreter von Leioceras sind selten. Nicht mit Sicher- 
heit war ein Exemplar Ludwigia zuzuordnen. Vertreter von 
Tmetoceras, Planammatoceras, Endmetoceras, Fontannesia?, 
Podagrosiceras und Zurcheria lassen sich mit bereits bekann- 
ten Arten vergleichen. 
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EsINEERODUEEION 


We describe Aalenian ammonites most of which were col- 
lected by v. Hillebrandt and found especially in Chile. They 
were examined in their entirety by Westermann in Berlin and 
his expenses were financed by the National Sciences and En- 
gineering Research Council of Canada. The Chilean sections 
were measured during a stay as visiting professor at the De- 
partment of Geology ofthe University of Chile in Santiago de 
Chile (1966-1968) and during later expeditions to Chile 
(1971/72, 1979) which were supported by the Deutsche For- 
schungsgemeinschaft. The ammonites of the Argentinian Aa- 
lenian have already been described by Westermann & Ric- 
cardı (1972, 1975, 1979, 1982) who also included some Chi- 
lean collections. Some additional collections (v. Hillebrandt) 
from Argentina are also examined here. 


Zonal names are printed differently here according to their 
meaning. The names of standard zones, defined by “golden 
spikes” at their base in type sections, are capitalized and in 
Roman, without the generic part (e. g. Opalinum Zone); na- 
mes of formal zones, defined by faunal assemblages and spe- 
cies ranges, use the normal, italicized and complete form of 


the species, with the word Zone capitalized (e. g. Emileia/ or 
E. giebeli Zone); informal zonal names would be written like 
the latter with “zone” in lower case (e. g. P. alanus zone). 


We thank all colleagues, friends and institutions for their 
support and help during in field and laboratory. The photo- 
graphs of the ammonites were taken by Mr. B. Kleeberg and 
most of the textfigures were drawn by Mrs. B. Dunker (Insti- 
tut für Geologie und Paläontologie der Technischen Univer- 
sität Berlin). 


The recorded and figured specimens were reposited in the 
following collections under the catalogue numbers listed in 
the text and plate explanations: 


BSTM Bayerische Staatssammlung für Paläontologie und 
Historische Geologie, München. 


MCM Department of Geology, McMaster University, 


Hamilton, Ontario, Canada. 


Field numbers mentioned in the text belong to collections 
made by v. Hillebrandt. 
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2°STRATIGRAPBRHNY 
(v. Hıllebrandt & Westermann) 


2.1 FOSSIL LOCALITIES IN CHILE 


Sediments of Aalenian age are unknown from the Coastal 
Cordillera. Within the Precordillera and the High Cordillera 
three different regions may be distinguished. 


2.1.1 Northernmost Chile 
(18°30’ to 26° latıtude South) 


Between the border with Peru and the southern end of the 
Cordillera Domeyko (26° latitude south) localities with Aale- 
nian ammonites are very rare, and it is usually difficult to do- 
cument the Aalenıan. 


Biese (1957, 1961) described the Jurassic of the Cerritos 
Bayos region and also mentioned Aalenian sediments. Baeza 
(1979) revised the Jurassic of this region but was unable to do- 
cument the Aalenıan. Although uncontestable Aalenian am- 
monites have not been described from Cerritos Bayos, trigo- 
nids and other pelecypods from Biese’s “lower and upper 
Ctenostreon beds” (probably the same beds) suggest Aale- 
nian. However, a revision of Biese’s collections ıs necessary. 


Cecioni (in Garcia 1967) recorded Leioceras sp. from Ju- 
rassic sediments east of the Moctezuma Observatory (south- 
east of Calama), but the identification has not been verified 
and this could also be a Middle or Upper Toarcian ammonite. 
In the region of the Cordillera Domeyko most Jurassic sec- 
tions seem to be complete and without hiatus, but it is usually 
difficult to document the Aalenıan by ammonites or other 
fossils. 


3,5 km northwest of Cerro Bayo (topographic map 
1:100000, Augusta Victoria) a series of more or less arenace- 
ous marls and limestones yıelds very rare ?Puchengnia and 
belemnites of Aalenıan age. 


7,2 km westsouthwest of Cerro Guanaco and 1 km east- 
southeast of point 3616 (topographic map 1:100000, Sierra de 
Varas) a dark limestone has yielded Puchenguia (Puchenguna) 
malarguensis (BURCKHARDT) and Sonninia (Euhoploceras) 
amosi WESTERMANN & Rıccarpı of Upper Aalenian age 
(P. malarguensis Zone). 


Recently the Jurassic of this region was mapped in detailby 
V. Bogdanie (Universidad del Norte, Antofagasta). He found 
at different sections Puchengmia (Gerthiceras). 


At Quebrada de Los Burros and southeast of this Quebrada 
(southernmost part of topographic map 1:100000, Explora- 
dora) a very complete and thick Jurassic section is exposed. 
The first horizon with ammonites belongs to Middle Sinemu- 
rıan and the section ends with Oxfordian limestones. Sandy 
limestones with marly layers and Phlyseogrammoceras tenuı- 
costatum (JAw.) are followed by nodular limestones with 
Pleydellia. This series is approximately 50 m thick and be- 
longs to the Upper Toarcian. The uppermost bank of this se- 
ries is rich in rhynchonellids and terebratulids, and Bredyra 
manflasensis n. sp. is found together with Sphaerocoeloceras 
sp. This horizon is Lower Aalenian (B. manflasensıs Zone). 


The following, more or less calcareous marls with concretions 
contain in the lower part only indeterminable ammonites. In 
younger horizons several layers with concretions have yield- 
ed Dorsetensia, Chondroceras, Stephanoceras and Teloceras 
of late Early Bajocıan age. 


2.1.2 Salar de Pedernales to Rıo Transito 
(26° to 29° latitude South) 
(Text-fig. 1a) 


The best localities with the most complete Aalenıan sec- 
tions occur in the Precordillera between the Salar de Pederna- 
les, in the North, and the Rio Transito, in the South. Only 
those sections and localities are described here which have 
yıelded identifiable Aalenian ammonites. Most of the sections 
have been described previously (Hillebrandt 1973, 1977; Hil- 
lebrandt & Schmidt-Effing 1981) so that we will refer to these 
works. Most specimens then referred to Eudmetoceras 
Buckman are now identified with the new subgenus Puchen- 
quia (Gerthiceras) WESTERMANN & RıccarDı. 


Not all localities or sections include the entire set of Aale- 
nıan assemblage zones or subzones established here for South 
America. The best sections with all or nearly all zones are 
found in the Potrerillos area, the Quebrada EI Bolito and in 
the area of Hacienda Manflas. In this entire region, the Aale- 
nian begins with a bioclastic limestone, more or less sandy and 
fossiliferous. At different sections the lower part of this lime- 
stone belongs to the uppermost Toarcian and the upper part 
to the B. manflasensis Zone. At some localities a hiatus is pre- 
sent between this limestone and the underlying beds (Hille- 
brandt 1971, Fig. 5). Inthe Manflas areas the B. manflasensis 
Zone is represented by a Fe-oolite, more or less sandy or cal- 
careous. At different localities the following limestone bed is 
rich in Entolium and an ammonite assemblage of the 
Z. groeberi Zone. The sediments of the P. malarguensıs 
Zone consist at most localities of a series of more or less micri- 
tic limestones with marly layers, at least in the central part of 
this area, while the easternmost localities have predominantly 
bioclastic limestones. The Aalenian sediments of some we- 
sternmost sections (Quebrada Paipote near Redonda, Que- 
brada Cortaderita (Hillebrandt & Schmidt-Effing 1981) are 
more sandy and also contain conglomeratic layers. 


2.1.2.1 Salar de Pedernales 


From the western margin of the Salar, Hillebrandt & 
Schmidt-Effing (1981) have described a section extending 
from the Pliensbachian to the Callovian. Several meters of 
limestones near the base of the Aalenian have yielded abun- 
dant rhynchonellids and terebratulids, less abundant bivalves 
and rare Pleydellia cf. flnitans and Bredyıa manflasensis n. 
sp. The age of these beds istherefore uppermost Toarcian (“P. 
fluitans”” Zone) to lower Aalenian (B. manflasensis Zone). 
The next ammonite-bearing horizon is 150 m higher up con- 
taining a fauna of the Humphriesianum Zone as described by 
Westermann & Riccardi (1979). 
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2.1.2.2 Potrerillos area 


East of Potrerillos, several Jurassic sections were measured 
in the Rio de la Sal, at Portezuelo de Pedernales, in the Que- 
brada El Asiento and in the Quebrada El Hueso (Hillebrandt 
& Schmidt-Effing 1981, Figs. 2, 3). Several ammonite hori- 
zons can be distinguished in the Aalenian. From Portezuelo 
de Pedernales to Quebrada El Hueso, the nodular limestones 
of the Middle Toarcian are overlain by 4-6 m of bioclastic lı- 
mestones. These have 0.3-1.0 m beds and reach with small 
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pockets and burrows up to 0.30 m into the subjacent limesto- 
nes. A large terebratulid is particularly common in the highest 
bed, while a level with arhynchonellid occurs in another sec- 
tion (section 6). Bivalves are less common but often articula- 
ted. Regular echinoids are rare. 


In the lower part of the bioclastic limestones oceurs Pley- 
dellia cf. flnitans (bed 8); in the upper part Bredyıa manfla- 
sensis n. sp. and B. delicata n. sp. (bed 9; Hillebrandt & 
Schmidt-Effing 1981, Fig. 3). At Portezuelo de Pedernales, 


these bioclastics have also yielded Catulloceras, a genus re- 
stricted to the Upper Toarcian. While the beds with Pleydel- 
ha cf. fInitans are uppermost Toarcian (Aalensis Subzone), 
the beds with B. manflasensis and B. delicata belong in the 
Lower Aalenian (B. manflasensis Zone). The Toarcian/Aa- 
lenıan boundary therefore lies within the 4-6 m thick biocla- 
stic limestones. 

Above the bioclastic limestones 4-5 m thick fossiliferous 
nodular limestones follow with abundant large, partly articu- 
lated Entolium. About 2-3 m above base, the upper Que- 
brada El Asiento (sections 1 to 8; Hillebrandt & Schmidt-Ef- 
fing 1981, Fig. 2; bed 10, Fig. 3) has yielded abundant Par- 
ammatoceras jenseni n. sp., Podagrosiceras athleticum 
Maus. & Lams. and Zurcheria groeberi West. & Rıcc. In 
Quebrada El Hueso, section 1, the beds with P. jenseni are at 
least 5 m thick. 


The succession continues with nodular to well bedded, 
partly thick-bedded limestones (bed 11) which are characte- 
rized by Puchenguia (Gerthiceras) compressa West. & Rıcc. 
and P. (G.) mendozana spinosa n. ssp. These beds have also 
yielded Podagrosiceras aff. athleticum and Zurcheria groebe- 
ri. A single Fontannesia ? austroamericana JAw. from section 
8 (Hillebrandt & Schmidt-Effing 1981, Fig. 2) probably also 
originated from this interval. These beds probably also yield 
Planammatoceras (Psendaptetoceras) klimakomphalum (V A- 
cEk), P. (Ps.) tricolore West. & Rıcc. and Eudmetoceras 
endmetum jaworsküi West. In sections 1 to 6 the lowest beds 
with P. compressa are followed by the 1.5 m bed 12 (Hille- 
brandt & Schmidt-Effing 1981, Fig. 3) consisting mainly of 
articulated Zopha. 


The upper part ofthe nodular limestones (bed 13) has yiel- 
ded Puchengnia (Gerthiceras) mendozana, P. (G.) compres- 
sa?, P. (P.) malarguensis, Planammatoceras (Pseudaptetoce- 
ras) tricolore, P. (P.) klimakomphalum?, and Eudmetoceras 
cf. endmetum jaworskiü. 


Directly above bed 13 (and probably within) Tmetoceras 
ex gr. scıssum (BEn.)and T. cf. flexicostatum Wesr. (bed 14) 
occur. Bed 15 contains Podagrosiceras maubengei West. & 
Rıcc. („‚Abbasıtes“ of Hillebrandt & Schmidt-Effing 1981). 
Bed 16 atthe top of the limestones was probably the source of 
Pseudotoites cf. sphaeroceroides (Torn.)indicating basal Ba- 
jocian. In sections 3 to 6, 1.5 to 2 mabove bed 15, a conglo- 
merate (5 to 10 cm thick) and thinbedded sandstones with 
rhynchonellids, belemnites, ?Xenocephalites, and ? Epistre- 
noceras of Upper Bathonian and ? Callovian age follow dis- 
conformably. 


In section 8, about 5 m above limestones with ? Puchen- 
quia and Fontannesia ? austroamericana, there isa bedrich in 
fossil fragments, Gryphaea and Epistrenoceras of Upper Ba- 
thonian age. The following sandstones with only badly pre- 
served Eurycephalitinae are of Upper Bathonian or Callovian 
age. 

Southwest of Portezuelo de Pedernales, bioclastic and 
partly nodular limestones with Puchenguia (Gerthiceras) 
compressa, below, and Planammatoceras (Pseudammatoce- 
ras) tricolore, above, are overlain by ca. 20 m well bedded 
limestones with Bositra, Dorsetensia and Stephanoceras of 
the Humphriesianum Zone. In contrast to Quebrada EI 
Asıento, but similar to Salar de Pedernales, this succession 
reaches into the upper Lower Bajocian. 


NS 


In the area of Rio de la Sal, section 16 (Hillebrandt & 
Schmidt-Effing 1981, Fig. 2) has thick-bedded bioclastic li- 
mestones (? boundary Toarcian/Aalenian) superjacent to 
conglomeratic sandstones and nodular limestones with Phy- 
matoceras (Upper Toarcıan). Above thin-bedded bioclastic 
limestones follow with sections of ? Puchenguia (Gerthice- 
ras) and, about 20 m higher, a bed with rhynchonellids, Pla- 
nammatoceras cf. klimakomphalum and Puchenguia (Ger- 
thiceras) compressa. 


2.1.2.3 Quebrada Caballo Muerto 
(Text-fig. 2) 


Between Portezuelo Codocedo and Salar de Maricunga, 
upstream from the watering place Caballo Muerto, a Jurassic 
outcrop crosses the Quebrada Caballo Muerto (Tamberia sec- 
tion in Hillebrandt & Schmidt-Effing 1981, Fig. 1). Subjacent 
to the fossiliferous Jurassic there is a ca. 35 m series of gray, 
brown weathering thick-bedded sandstones with white clasts 
near the base. Below a series of red, light-gray and greenish 
sandstones follows and conglomerates which rest on volcani- 
tes. Both series are unfossiliferous but probably terrestrial 
Triassic. 

The marine Jurassic begins with a ca. 2 m fossiliferous 
sandstone with 0.1-0.2 m beds (Bed 1, Text-fig. 2). The 
fauna consists of rhynchonellids, terebratulids, various bival- 
ves and rare Protogrammoceras and, like the basal bed of the 
Jurassic in the Quebrada El Asiento, is placed at the boundary 
Lower/Middle Pliensbachian. Above bioclastic limestones 
follow with abundant Weyla (bed 2) which intergrade up- 
ward into well bedded limestones. They include bed 3 with 
Pectinula cancellata Leanza characteristic of the Pliensbach- 
ian/Toarcian boundary (?). Bed 4 consists of 3-5 m gray 
sandstones with large Weyla. Above 1 m coarse sandstone 
and bed 5 follow afossiliferous limestone with abundant /so- 
gnomon sp., Heterostrea steinmannı Jaw., Ctenostreon cf. 
pectiniforme (SCHLOTH.), Trigonia sp., Neocrassina cf. an- 
dium (GoTT.), Trigonastarte (?) steinmanni (Mör.), Pleu- 
romya sp. and terebratulids. This fauna is coeval to the beds 
with Pleydellia (Walkericeras) cf. flnitans (Dum.) and Bre- 
dyiamanflasensis of other sections and should be placed atthe 
Toarcian/Aalenian boundary. 

The superjacent bioclastic limestones (bed 6, Text-fig. 2) 
yield abundant Gryphaea cf. bilobata Sow. and some Pu- 
chenquia (Gerthiceras) cf. mendozana West & Rıcc. The 
highest bed (7) of the bioclastic limestones is rich in Zopha 
and Gryphaea cf. bilobata whereas ammonites are scarce, 
i. e. Tmetoceras cf. flexicostatum West. and Podagrosiceras 
manbeugei West. & Rıcc. of the uppermost Aalenian. A 
large Entolium and Pleuromya have also been found. 


Above the bioclastic limestones coarse sandstones follow 
with reddish interbeds and poorly preserved bivalves. There 
follows a poorly exposed series of bedded gray sandstones in- 
terbedded with bioclastic limestones (0.1-1 m) yielding Rei- 
neckeia sp., Gryphaea sp. and Pinna sp. (bed 8), of the Cal- 
lovian. Thus, Bajocıan and Bathonian have not been docu- 
mented and are probably missing. 


2.1.2.4 Quebrada La Chaucha 


The Jurassic section was described by Hillebrandt & 
Schmidt-Effing (1981, Fig. 1, section 5a). The Aalenıan has 
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Text-fig. 2. Quebrada Caballo Muerto section, zones/subzones with brackets not proved by ammonites; 


explication of lithology in v. Hillebrandt & Schmidt-Effing 1981 (fig. 10). 


two rich ammonite horizons. The ca. 2 m thick bioclastic Ii- 
mestone at the Toarcıan/Aalenıan boundary has yielded Bre- 
dyıa manflasensıs n. sp. and B. delicata n. sp. From the su- 
perjacent marly limestones Tmetoceras ex gr. scıssum Ben. 
came at 1-1.5 m above base, and Puchenguia malarguensıs 
(Burck.), P. (Gerthiceras) compressa West. & Rıcc. and Po- 
dagrosiceras aff. athletium Maus. & Lams., at 2-4 m. The 
next ammonite bearing horizon ca. 30 m above belongs in the 
P. singularis Zone of the Lower Bajocıan. 


2.1.2.5 Quebrada EI Bolito 


The Jurassic section was described and illustrated by Hille- 
brandt & Schmidt-Effing (1981, Fig. 1, section 7; Fig. 5). Se- 
veral ammonite horizons can be distinguished in the Aale- 
nıan. The Middle Toarcıan is overlain by 44.5 m thick bed- 
ded, fossiliferous calcarenites. Near the base occurs abun- 
dantly Pleydellia (Walkericeras) cf. flnitans (Dum.)(bed 11); 
bed 12, in the middle, has yielded Bredyia manflasensıs n. 
sp.;and bed 13, atthe top, contains large Entolium sp. toge- 
ther with scarce Parammatoceras jenseni n. sp. The faunal 
succession is asin the area east of Potrerillos where the biocla- 
stic limestones contain the “P. fluitans’”’ Zone and the man- 


flasensis and jenseni assemblages (B. manflasensis and 
Z. groeberi Zones). 

Above the bioclastic limestones two (0.2 and 0.15 m) beds 
of dense limestone with oysters and poorly preserved ammo- 
nites follow. They are overlain by ca. four 0.1-0.3 m beds of 
reddish limestone (bed 14) with abundant ammonites which 
are usually fragmented and disoriented. We have identified 
Fontannesia ? cf. austroamericana Jaw., Planammatoceras 
(Pseudammatoceras) klimakomphalum (Vaczr), Endmeto- 
ceras endmetum jaworskii West., Puchenquia (Gerthiceras) 
compressa West. & Rıcc., and P. (G.) mendozana spinosa n. 
ssp. This is the compressa assemblage (lower P. malarguensis 
Zone). 


Above a series of marls and limestones follows, with 3 
thick, gray to reddish limestone beds in the upper part 
(bed 15) which have yielded Puchenguia (P.) malarguensis 
(Burck.)and P. (Gerthiceras) mendozana ofthe mendozana 
assemblage (middle P. malarguensis Zone). The superjacent 
series of reddish and brownish, middle to coarse sandstones 
und conglomerates, is unfossiliferous, whereas the following 
thick series of thick-bedded sandstones and bioclastic lime- 
stones belongs already probably to the Callovian. 
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Text-fig. 3. Quebrada El Patön section; zones/subzones with brackets not proved by ammonites. 


2.1.2.6 Quebrada El Patön 
(Text-fig. 3) 


This is the northern continuation of the Rio Figueroa (Hil- 
lebrandt & Schmidt-Effing 1981, Fig. 1). The section has 
been described by Hillebrandt (1973, Fig. 1) under Rio Fi- 
gueroa. The section lies between the tributary Quebradas del 
Azufre and El Carnero and contains an ammonite horizon in 
the Aalenıan. 


Reddish to violet porphyritic tuffs (? Triassic) are overlain 
by sandy and marly, nodular bioclastic limestones (bed 1, 
Text-fig. 3) of the Middle Pliensbachian which contain 
mainly bivalves, rhynchonellids and terebratulids as well as 
some Andenipora liasica GERTH and gastropod steinkerns. 
This is followed by thick-bedded limestones with large tere- 
bratulids and Weyla, and thinner bedded, partly nodular 
limestones with abundant Entolium (bed 2) at least in one 
bed. This series is topped by 5 m brownish weathering lime- 
stones of which the upper 1.5 m (bed 3) contain abundant te- 
rebratulids, rhynchonellids, bivalves, Dactylioceras and 
Harpoceras of the D. hoelderi Zone, Lower Toarcıan (Hil- 
lebrandt & Schmidt-Effing 1981). Above 2 m gray bioclastic 
limestones (bed 4) follow in sequence with terebratulids, 
rhynchonellids, Myophorella, Harpoceras, ? Mercaticeras 
and Peronoceras of the P. largaense or P. pacificum Zone, 
Middle Toarcian; ca. 10 m marly limestones and bioclastic 
limestones (bed 5) with Phymatoceras cf. iserense (Opreı), 
P. cf. erbaense (Hauzr), P. toroense HıLLesranDT and Hıl- 
daitoides retrocostatus HıLLEsranDr of the C. chilensis and 
P. toroense Zones, Middle Toarcıan. 


The superjacent nodular bioclastic limestones (bed 6) con- 
tain abundant Gryphaea cf. bilobata Sow. and Myophorella 
sp. as well as the late Aalenian (compressa assemblage?) am- 
monites Tmetoceras cf. flexicostatum West., Planammato- 


ceras (Pseudammatoceras) cf. klimakomphalum (VacEk) and 
Puchenquia (Gerthiceras) compressa West. & Rıcc. 


The superjacent bioclastic limestones (with bed 7) have 
yıelded Sonninia (Papilliceras) cf. espinazitensis Torn. ofthe 
Lower Bajocian (? E. giebeli Zone). This isfollowed by sand- 
stones, limestones and marls containing nautiloids, gastro- 
pods, brachiopods and echinoids (beds 8-10), and by a thick 
series of bioclastic limestones and dense limestones with co- 
rals, bivalves and gastropods as well as a few fragments of 
? Reineckeiidae in the upper part, indicating ?Upper Batho- 
nıan and Callovian. Above arenaceous marls and dense 
limestones lie, followed by hundreds of meters of red terre- 
strial sandstones. 


2.1.2.7 Quebrada San Pedrito to Quebrada Yerbas Buenas 


The Jurassic exposure between these two quebradas were 
described by Hillebrandt (1973, Fig. 1) and Hillebrandt & 
Schmidt-Effing (1981, Fig. 6). At the confluence of the Que- 
bradas San Pedrito and Pelado there is a Pliensbachian-Bajo- 
cıan section. Above the beds with Phymatoceras of the lower 
Upper Toarcıan a bioclastic limestone follows which has yiel- 
ded rare Bredyia manflasensis n. sp., Hudlestonia(?), Pley- 
dellia and terebratulids as well astheabundant bivalves Hete- 
rostrea steinmanni Jaw., Ctenostreon cf. pectiniformis 
(SCHLOTH.), Mesomiltha spp., Neocrassina andium (GoTT.), 
Trigonastarte(?) steinmanni (Mör.), Protocardia (?) and 
Pleuromya; the upper 0.5 m isrich in Entolium. As in the ot- 
her sections, this bioclastic limestone belongs to the Toar- 
cıian/Aalenıan boundary. 


Above follow marls with a lenticular limestone containing 
Emileia giebeli (GoTT.), Sonninia (Fissilobiceras) sp. and S. 
(Papilliceras) espinazitensis TorNn. of the Lower Bajocian 


E. giebeli Zone. 


10 


„Lopiaps 


w 


Pr} 


N) 
f7 


n- 


W 
Z 
SS 
= 
W 
©) 
x 
nG 


x localities with 


Aalenian ammonites 


(>) 
(= 
® 
o 
el 
Q 
Q 
Q 
Q 
o 
m 
a 


Text-fig. 4. Locality map of the Manflas region and Portezuelo EI Padre. 


In Quebrada Yerbas Buenas, the section ends in at least 
2-3 m bioclastic limestones which contain Bredyia manfla- 
sensis n. sp. and a bivalve fauna similar to that listed above. As 
in Quebrada San Pedrito, these beds overlie beds with Phy- 
matoceras and part of the Upper Toarcian is absent. 


2.1.2.8 Rio Jorquera (La Guardia) 


The Jurassic exposures along the upper Rio Jorquera (be- 
tween Vegas de Chanar and La Guardia) was described by 
Hillebrandt & Schmidt-Etting (1981). The section 2.5 km 
west of La Guardia and above Las Banderites (op. cit., Fig. 1, 
section 14c; p. 23) is continuous from the Lower Pliensba- 
chian to the Callovian. 


Nodular calcarenites with Pleydellia (Walkericeras) cf. lo- 
tharingica (BRANcO), topmost Toarcian, are overlain by 2 m 
bioclastic limestones with Bredyia manflasensis n. sp. of the 
basal Aalenian. This level also contains abundant Isognomii- 
dae gen. etsp.n. (aff. Gervilleioperna), alarge and thick-shel- 
led species characteristic for this level in several sections. 
Chlamys, Ctenostreon and terebratulids have also been 
found. 


The superjacent ca. 2 m limestones contain abundant Ento- 
lum and Chlamys as well as rare ?Parammatoceras 
(?Z. groeberi Zone). This is followed by 3 up to 1 m thick 
limestone beds with Gryphaea and rare fragmented ?Pu- 
chenquia (Gerthiceras) sp. of the (?) compressa or mendo- 
zana assemblages (P. malarguensis Zone). 


2.1.2.9 Manflas 
(Text-fig. 4) 


The Jurassic east and south of the Hacienda Manflas is divi- 
ded by aN-S fault. At the north end of the fault, ca. 1.5 km 
east of Manflas, the eastern Jurassic section terminates with 
the Pliensbachian, but it becomes more complete southward, 
finally terminating with the Callovian. The two blocks differ 
little in facies, the western block having a thicker and more 
arenaceous development particularly in the Sinemurian 
(western providence). Facies differences are marked only in 
the Toarcian and Aalenian. The red colouration of the Upper 
Toarcian is better developed in the west; the Lower Aalenian 
3.5 m Fe-oolite of the western block is represented in the east 
by a single Fe-oolitic bed and thin limestones. A second Fe- 
oolite is developed at the boundary Lower/Upper Bajocian. 
The Jurassic of the western block, from the uppermost Toar- 
cian to the Callovian and some of the Bajocian ammonites 
were described by Westermann & Riccardi (1972) and Hille- 
brandt (1977). 

In both fault blocks, the Jurassic section begins with the 
Upper Sinemurian and is continuous to the Lower/Upper Ba- 
jocian boundary. This is followed by ca. 20 m Callovian lime- 
stones, the youngest fossil-bearing Jurassic rocks of the area. 
Most of the Upper Bajocian and Bathonian are missing. Se- 
veral sections yielded Aalenian ammonites. 


Localities 1 and 2 (Text-fig. 4) lie on the ridge (Cerro de la 
Cuesta) SE of the Hacienda Manflas. Triassic andesites are 


here in fault contact with Sinemurian or Pliensbachian mar|s. 
Brownish weathering Lower Toarcian sandstones with Pro- 
peamussium are overlain by Middle Toarcian gray and red- 
dish marls. Red marly limestones and marls are predominant 
in the Upper Toarcian. These become upward increasingly 
arenaceous and intergrade into the Lower Aalenian Fe-oolite. 
Several meters of light gray marls and marly limestones above 
can be placed in the Middle Aalenian. The Fe-oolite is repeat- 


Age Field-number 


Aalenıan 
?Z. groeberi Z. 670812/5 


B. manflasensis Z. 


0.25 m 


Upper Toarcıan 


“P. fInitans“ Z. 720105/4 Im 


“P. flInitans” Z. 720105/3 


/2 
“P. lotharingica” Z. 1 


The light-gray marls and marly limestones above the 
Fe-oolite are poorly exposed. One Planammatoceras (Psen- 
daptetoceras?) cf. kochi (Prinz) probably comes from this ıin- 
terval. 


Locality 2(Text-fig. 4) ison the ridge of Cerro de la Cue- 
sta. The ammonites came from the several meters of marls and 
marly limestones superjacent to the Fe-oolite (cf. Wester- 
mann & Riccardi 1972, p. 20): Tmetoceras ex gr. scissum 
(BENECKE), T. cf. flexicostatum Wesr., Planammatoceras 
(Pseudaptetoceras) cf. klimakomphalum (Vacex), P. (Ps.?) 
cf. kochi (Prinz), Puchenguia (Gerthiceras) compressa West. 
& Rıcc., P. (G.) mendozana West. & Rıcc., Fontannesia ? 
austroamericana Jaw. and Sonninia (Euhoploceras ?) sp.; also 
abundant rhynchonellids, terebratulids and Pleuromya sp. 
These belong in the P. compressa and P. mendozana Subzo- 
nes of the Upper Aalenian P. malarguensis Zone. 


Thickness 


ca.4m 


ca. 10m 


11 


ed three times by folding. An acıidic igneous dyke has intru- 
ded into the Aalenian/Bajocıan boundary beds and was also 
folded. Above a series of marly limestones and partly red 
sandstones follows, overlain by the Bajocıan Fe-oolite. 
Locality 1 (Text-fig. 4) is 1,5 km ESE of Hacienda Man- 
flas on the north side of Cerro de la Cuesta. Here the eastern- 
most outcrop of the Aalenian Fe-oolite occurs reaching al- 
most to the base of the slope. The section is from the top: 


Facies and Fossils 


Arenaceous to calcareous Fe-oolite, 
partly crystalline, massive. 


At the top abundant Entolium, upper 
2 m fossiliferous: large Phylloceras sp., 


Sphaerocoeloceras brochiiforme Jaw., 
? Zurcheria sp., Bredyia manflasensıs 
n. sp., B. delicata n. sp., Trıgonia 
sp., Neocrassina andınm (GOTT.), 
Trigonastarte (?)steinmanni (Mör.), 
Pleuromya, Ceratomya (?). 

Red calcarenite with shell fragments, 
Lopha. 

Red calcarenite with shell fragments 
and Fe-ooides. 


Red, bedded calcarenite with shell 
fragments and some Fe-ooides; in 
middle: Hammatoceras sp. 

Red, fine-bedded calcarenites, partly 
nodular, and interbedded marls. 


Above: Pleydellia cf. fluitans (Dum.) 
Below: Pleydellia sp. 


Red, nodular marls to marly lime- 
stones. Pleydellia cf. lotharıngica 
(BRANcO). 


Locality 3 (Text-fig. 4) is near the mouth of Quebrada de 
la Culebra leading into the Quebrada de la Iglesia. The section 
begins in the uppermost Toarcian, includes the Bajocian Fe- 
oolite (Hillebrandt 1977, Fig. 2, locality 3) and ends in the 
Callovian. The arenaceous Fe-oolite of the Aalenian contains 
poorly preserved, large Bredyia. The uppermost meter is 
more calcareous and has small Zurcheria sp. This layer ıs 
probably already Z. groeberi Zone. Above the Fe-oolite 
5-8 m gray limestones follow, partly with shell fragments. 
The upper part has yielded a Puchenguia malarguensis 
(Burck.) and is therefore P. malargnensis Zone. 


Locality 4 (Text-fig. 4) is ca. 100 m west of the pass bet- 
ween the first tributary quebrada to Quebrada de la Culebra 
and a more northerly quebrada (unnamed) which also leads 
into the Quebrada de la Iglesia. The section situated in the 
eastern Jurassic block ıs as follows: 


Age Field-number Thickness Facies and Fossils 
?Callovian ca.2m Strongly faulted gray limestone. 
Bajocıan ca.5m Red, thin-bedded calcarenıtes and 


marls. 


Field-number 


720104/9 


Age 
P. singularıs Z. 
upper part 


lower part /8 


Aalenıan 


P. malarguensis Z. 


Z. groeberi Z. /7 


B. manflasensis Z. /6,6a 


/6 


Thickness 


ca.8m 


ea: 0.5:m 


ca.8m 


B. manflasensis Z. /5 
or “P. flnitans” Z. 
Upper Toarcıan 
“P. flnitans” Z. 


“P. lotharıngica” Z. 


ZA 


/3 


Locality 5 (Text-fig. 4) isapproximately 1 km south and 
in strike of locality 4, in the second, eastern tributary que- 
brada of Quebrada de la Culebra. The section begins with 
Upper Toarcian gray marls and marly nodular limestones 
containing moderately preserved Phymatoceras copiapense 
(Mör.) of the P. copiapense Zone. Above similar but partly 
reddish beds follow with Phlyseogrammoceras cf. tenuicos- 
tatum (Jaw.) ofthe P. tenuicostatum Zone; reddish nodular 
limestones with Pleydellia cf. lotharingica (Branco) and 
Hammatoceras ex gr. insigne (SCHUBLER) of the “P. lotha- 
ringica” Zone; and thick-bedded (to 0.4 m) nodular calcare- 
nites with Pleydellia cf. flnitans (Dum.), Dumortieria and 
Hammatoceras cf. porcarellense Bon. of the “P. flnitans” 
Zone. 


The superjacent beds contain large, but moderately pre- 
served hammatoceratids (B. manflasensis and ?Z. groeberi 
Zones). They are capped by a 0.2m limestone bed with am- 
monites of the Late Aalenıan compressa assemblage: (?) n. 
gen. etn.sp. A (aff. Ludwigia crassa Horn), Planammatoce- 
ras (Pseudammatoceras) cf. tricolore West. & Rıcc., and Pu- 
chenquia (Gerthiceras) compressa West. & Rıcc. (P. malar- 
guensis Zone). 


ca. 


10m 


Facies and Fossils 

Above: Sonninia (Papilliceras) espina- 
zitensis altecostata Torn., Pseud- 
otoites sphaeroceroides (Torn.), P. cf. 
corona (ARKELL & PLAYFORD). 

Below: Sonninıa (Fissilobiceras) zitteli 
(GoTT.), Pseudotoites cf. argentinus 
ARKELL, P. singularıs (GoTT.). 
Dm-bedded dense limestone. 


Poorly preserved Puchenguia (Ger- 
thiceras) sp. 
Bioclastic limestones. Entolium and 


large Parammatoceras jenseni n. sp. 
(<0.5mD). 


Reddish bioclastic limestone with Fe- 
ooides. Sphaerocoeloceras brochii- 
forme Jaw., Bredyia manflasensis n. 
sp. (all forms and varıiants), B. deli- 


catan. sp. 

At base: Leioceras comptum chilense 
n. ssp., Leioceratinae n. gen. et n. 
sp. A., Trigonia, Mesomiltha spp., 
Protocardıa (?), Coelastarte andium 
(GoTT.), Trigonastarte (?) steinmanni 
(MöR.). 

Nodular, gray, dm-bedded calcare- 
nites with thin marly interbeds. 


At 0.3 m below top: ? Bredyıa. 


Lower part: Pleydellia cf. flnitans 
(Dum.). 

Nodular limestones interbedded with 
Pleydellia cf. 
(BRANco). 


marls. lotharingica 


Above ca. 10 m interbedded dense gray limestone and gray 
marls follow, one layer with small Gryphaea. This is overlain 
by an approximately 100 m thick series of red, dm-bedded 
calcarenites and arenaceous limestones also interbedded with 
red marls. At least two levels have yielded Sonninia. The 
transition to the Bajocıan Fe-oolite (Hillebrandt 1977, Fig. 2, 
locality 6) is not exposed. The oolite is only 2 m thick. The 
Jurassic section ends with structurally strongly disturbed lı- 
mestones of the Callovian. 


2.1.2.10 Portezuelo El Padre 


The Jurassic section between the Rio Manflas and Porte- 
zuelo El Padre (Hillebrandt & Schmidt-Effing 1981, p. 24) 
exposes the Upper Sinemurian to the Lower Bajocian. The 
youngest beds are at Portezuelo El Padre. Localities 6 and 7 
(Text-fig. 4) have yielded Aalenıan ammonites. The basal Aa- 
lenıan Fe-oolite is represented here by ca. 5 m red coarse 
sandstone with single clasts (<5 mm) which contains rare 
and modestly preserved Bredyıa. Above ca. 4 m gray lime- 
stones follow which intergrade into ca. 4 m thin-bedded and 
partly red marls. Below, the limestones contain abundant li- 


monite grains and Puchenquia (Gerthiceras) compressa WEsr. 
& Rıcc. (Locality 6). Gray limestone beds with abundant 
shell fragments have yielded Planammatoceras (Psendapteto- 
ceras) cf. klimakomphalum (VacEr) and Puchenguia (Ger- 
thiceras) mendozana spinosa n. ssp. (Locality 7). From a gray 
limestone bed with Bositra of the same locality Podagrosice- 
rasmanbengei West. & Rıcc. came. The gray limestones thus 
include the compressa, ?mendozana and manbeugei assem- 
blages of the Upper Aalenian P. malarguensis Zone. 


The section ends with red, above arenaceous marly lime- 
stones containing sonniniids and stephanoceratids of the 
P. singularis and E. giebeli Zones, Lower Bajocian. 


Age Field-number 


ca./m 


Bajocıan 


E. giebeli Z. 671009/11 


P. singularıs Z. /10 


Aalenıan 2-3 m 


? P. compressa Sz. I) 


?Z. groeberi Z. /8 


ca.3m 


B. manflasensis Z. /7 


Upper Toarcıan 
/6 


P. tenuicostatum Z. 


P. copiapense Z. 


The highest zones of the Toarcian (P. fluitans and P. lo- 
tharingica Zones) can not be documented in this section. The 
possibility of a hiatus between lower Upper Toarcian and 
Lower Aalenian therefore cannot be excluded. 


2.1.3 Rio Transito to Rio Grande 
(29° to 31° latitude south) 


Different Jurassic localities and sections in the Cordillera 
between Rio Transito and Rio Turbio were described by 
v. Hillebrandt (1973, pp. 184-195). In some sections Aale- 


Thickness 


ca.5m 


ca. Om 


ca. 1m 


6-8 m 


ca. 20 m 


w 


2.1.2.11 Quebrada Chanchoquin 


Numerous sections were studied north and south ofthe Rio 
Transito (Hillebrandt 1973; Hillebrandt & Schmidt-Effing 
1981) most of which reach into the Aalenıan or Bajocıan. 
Identifiable Aalenian ammonites, however, were found only 
in the section between the Quebradas Chanchoquin and Ace- 
vedo. This is the thicker one of the two sections originally 
described by v. Hillebrandt (1973, Fig. 2) under the name 
Quebrada La Totora, and again described by v. Hillebrandt 
& Schmidt-Effing (1981, p. 29). This section extends from 
the lower Upper Sinemurian to the Lower Bajocıan. The up- 
per part is as follows: 


Facıes and Fossils 

Porphyrite. 

Tuffaceous sandstones. 

Reddish fine sandstones with bivalve 
moulds. 

Gray, partly silty limestones inter- 
bedded with reddish marls. Sonnınıa 
(Papılliceras) espinazitensis TORN., 
Emileia cf. giebeli (GoTr.), Meso- 
miltha intumescens (GOTT.). 

Gray calcarenites. Sonninia (Papılli- 
ceras) espinazitensis altecostata 
Torn., Psenudotoites sphaeroceroides 
(ToRrN.). 

Conglomerate (clasts < 5 mm), 
extending with pockets into basal 
calcarenite up to 0.25 m. 

Trıigonia sp., Fontannesia ? austro- 
americana JAW. 


Red, frıable sandstones. Ceratomya (?) 
and large, poorly preserved ? Param- 
matoceras. 

Arenaceous bioclastic limestone. 
Rich fauna (Hillebrandt & Schmidt- 
Effing 1981, p. 29) and rare Bredyıa 
manflasensis n. sp. 

Dm-bedded limestones and inter- 
bedded marls. Terebratulids, Zopha, 
Modiolus, Psendolimea, Myophorella, 
Cercomya, Pleuromya and Phlyseo- 
grammoceras cf. aalense MAUBEUGE. 


Phymatoceras copiapense (MOR.). 


nian sediments can be proved but ammonites of this age are 
very rare. 


The next locality to the south with Aalenıan is found in the 
High Cordillera north of Rio Grande (southeast of Ovalle). 
The Jurassic of this area was described by Mpodozis, Rivano 
& Vicente (1973) and visited by one of us (Hillebrandt). Aale- 
nian with badly preserved ammonites could only be proved at 
a section near Mina Los Pingos. The section starts with sand- 
stones, slaty limestones with Bositra and a coquina with 
Coelastarte cf. andium (GOTTSCHE). Sandy slates with Bosz- 
tra alternating with thin-bedded sandstones, a thick-bedded 


14 


sandstone and again slaty limestones are found in the conti- 
nuation. This series yielded horizons with Tmetoceras and ? 
Puchenquia of Aalenian age. The following series is turbidi- 
tic. An olistostrome, 4t0 6 m thick, contains limestones with 
Sonninia and Emileia of Lower Bajocıan age. 

More to the North the section starts with Liassic sediments 
and the Aalenian and part of the Bajocian are represented by 
vulcanites and conglomerates with reworked Liassic sedi- 
ments. 


2.2 FOSSIL LOCALITIES IN ARGENTINA 


The best known and most complete Aalenian successions of 
Argentina are in the Malargue area of southern Mendoza and 
the Zapala area of south Neuquen, whereas minor occurren- 
ces have been reported mainly from the Chos Malal area of 
north Neuquen, the Sierra de Reyes at the Neuquen-Men- 


Age Field-number 
Aalenian 


P. malarguensıis Z. 


?P. compressa Sz. 680110/ 1 
?Z. groeberi Z. 
B. manflasensis Z. 680109/15 
Upper Toarcıan 

/14 
“P. fInitans” Z. /13-12 
“P. lotharingica” Z. /11-10 
P. tenuicostatum Z. / 9-6 


This faunal sequence closely resembles that of northern 


Chile described above. 


a. Aalenian ammonites have been described from the upper 
valley of the Arroyo Blanco, about 25 km NW of El Sosnea- 
do, since Jaworski (1926; Groeber et al. 1953). The detailed 
sequence is, however, poorly known and disrupted by a fault 
separating the Toarcian from the Aalenıan (Westermann & 
Riccardı 1979, p. 102). The known fossils are from isolated 
outcrops or ex situ collections. The questionable Zeioceras 
opalinum (Reın.) suggests the presence of the lowermost 
Aalenian; this identification remains doubtful, since Z. opa- 
linum is absent elsewhere in the entire Pacific area and the ot- 


doza border, and the Espinacito Pass area of San Juan Pro- 
vince (Hillebrandt 1970, 1973; Westermann & Riccardı 1972, 
1975, 1979, 1982). The better known occurrences are as fol- 
lows from north to south (Text-fig. 1b). 


2.2.1 Paso del Espinacito area, San Juan 


a. The Lower Bajocian is usually disconform on Permo- 
Triassic (Westermann & Riccardı 1979), but the Aalenian has 
been documented by Hillebrandt (1970) and earlier fossil 
finds (Gottsche 1878; Tornquist 1898). At Espinacito Pass, 
the conglomeratic basal beds underlying the fossiliferous Ba- 
jocian have yielded Tmetoceras scissum (Ben.) and Puchen- 
quia malarguensis (BURCK.) of the P. malarguensis Zone. 


b. The best known section with the Toarcian/Aalenian 
boundary is at Quebrada Honda, approximately 8 km south 
of Paso del Espinacito (Hillebrandt 1970, pp. 182-183). 


Fossils 


Fontannesia ? cf. austroamericana 
Jaw. 


Abundant large Entolium. 
Leioceras comptum cf. chilense n. 


ssp., Sphaerocoeloceras brochuforme 
Jaw., Bredyia manflasensis n. sp. 


Hammatoceras cf. porcarellense Bon. 


Pleydellia cf. fluitans (Dum.), 
Dumortieria cf. pusilla Jaw., Ham- 
matoceras cf. clavatum Fossa Manc. , 
Sphaerocoeloceras brochuforme Jaw. 
Pleydellia cf. lotharıngıca (BRANcOo), 
Sphaerocoeloceras brochuforme Jaw. 
Phlyseogrammoceras tennicostatum 
(JAw.), Hammatoceras 
(SCHUBLER), Sphaerocoeloceras cf. 
brochüforme Jaw. 


insigne 


her taxa of the Bredyia assemblage (B. manflasensis Zone) 
are unknown from here. A loose concretion (number 9) con- 
tained Zurcheria groeberi West. & Rıcc. together with Pla- 
nammatoceras (Pl.) cf. planiforme Buck. [= ? P. tenuinsigne 
(Vacek) = “Eudmetoceras (Enaptetoceras) sp. nov. aff. kli- 
makomphalum“ of Westermann & Riccardi 1972, 1979] and 
Tmetoceras scissum (BEN.) of the Z. groeberi Zone (Wester- 
mann & Riccardi 1979). Planammatoceras (Pl.) gerthi (JAw.) 
and P. (Pseudaptetoceras) moerickei (Jaw.) described from 
here by Jaworski (1926), as well as Eudmetoceras eudmetum 
jaworskü West. and Planammatoceras (Pseudaptetoceras) tri- 
colora West. & Rıcc. are from the latest Aalenian moerickei 
assemblage of the P. malarguensis Zone. The Bajocian se- 
quence begins with the P. singularıs Zone. 


In the Rio Atuel region one of us (Hillebrandt) recently 
found two additional localities with Aalenian ammonites. In 


the lower part of the Arroyo Las Chilcas, Pliensbachian sedi- 
ments are separated by a fault from the Aalenıan. Directly 
beyond this fault concretions have yielded Tmetoceras sp.; 
about 2 to 4 m higher there is a bed rich in belemnites, and a 
loose Zurcheria was found. The following section with slaty 
limestones and concretions have yielded Puchenguia (Gerthi- 
ceras) cf. compressa West. & Rıcc. and Sonninia (Enhoploce- 
ras) amosi WESTERMANN & RıiccarDı. The section continues 
with similar sediments, in the upper part with large concre- 
tions (up to 1 m) yielding Sonninıa (Euhoploceras) cf. adıcra 
(WaaAGeEn), S. (Fissilobiceras) zitteli (GoTTSCHE) and $. (Pa- 
pilliceras) cf. espinazitensis Tornauıst of the Lower Bajocian 
"P. singularıs Zone. 

On the eastern slope of the Arroyo Las Piedras a thick se- 
ries of conglomerates, sandstones and some calcareous silt- 
stones of probably Toarcian age occurs. The following, more 
marly sequence with concretions has yielded Tmetoceras scıs- 
sum (BENECKE) and ? Puchenguia of the Aalenian. In concre- 
tions of higher horizons Sonninia (Fissilobiceras) zitteli 
(GoTTscHE) and S. (Papılliceras) cf. espinazitensis TORNQuIST 
of the Lower Bajocıan P. singularis Zone were found. 


Age Field-number 
Bajocıan 


P. singularis Z. 


Aalenıan 


P. malarguensis Z. 14 im 


15 1.3 m 


?P. compressa Sz. 16 (6) Im 


(Lower 
Murchisonae Z.) 17 


5 40-70 m 


4 ca. 20-30 m 


Thickness 


11-13 lo m 


ca.8m 


15 


b. At Portezuelo Ancho (Rio Salado) the Jurassic section 
starts with fossiliferous horizons of the Middle and Upper 
Pliensbachian (type-locality of Fanninoceras behrendseni 
[Jaw.])- The overlying fissile shales have yielded, hildocera- 
tids and dactylioceratids ofthe Lower and Middle Toarcian in 
the lower part and, in concretions of the middle part, Tmeto- 
ceras sp. and ? Puchenguia sp. of the Aalenian. 


2.2.3 Cerro Puchenque area, SW Mendoza 


East and north of the Cerro Puchenque in the Rio Negro 
and Serrucho valleys, about 35 km west of Malargue a thick 
argillaceous sequence of Pliensbachian to basal Bajocian oc- 
curs placed in the China Muerte Formation (Westermann & 
Riccardi 1972, 1979; Hillebrandt, unpublished). Both, the 
(scarce) Bredyia assemblage and the (rich) Puchenguia as- 
semblage are well developed, whereas there is as yet no evi- 
dence ofthe Zurcheria assemblage. This apparently comple- 
te, but partly unfossiliferous Aalenian occurrence needs addi- 
tional collecting. The uppermost Toarcian could not be do- 
cumented by ammonites. 


Facies and Fossils 


Shale with limestone concretions; 
Psendotoites singnlaris (GoTT.), P. 
sphaeroceroides (Torn.), Sonninıa 
mirabilis (Gorr.), $. cf. 
(Gorr.), S. (Enhoploceras) amosi 
West & Rıcc., $. (Papilliceras) cf. 
peruana Jaw., Bradfordia aff. costi- 
densa Imıay. 


zitteli 


Shale with concretions and lenticular 
limestone; Puchenguia malarguensis 
(BURCK.). 

Lenticular black limestone beds; 
upper bed with Puchenguia, Son- 
ninia. 

Shale and interbedded impure sand- 
stone; at base Sonninia (Euhoplo- 
ceras) amosi West. & Rıcc., Puchen- 
malargnensis (BURCK.), 
?P. (Gerthiceras) compressa WEST. & 
Rıcc. [“P. (?) aff. malarguensis ?” 
of West. & Rıcc. 1972]. 


quia cf. 


Shale and interbedded impure sand- 
stone; at base (?) Stauffenia (Costi- 
leioceras) sp. 

Shale and silty shale; upper part with 
Tmetoceras, Hildocerataceae indet., 
? Erycites or Podagrosiceras. 

Shale with concretions and inter- 
bedded 
0.3-0.5 m below base Bredyıa man- 


sandstone; loose and 


Age Field-number Thickness Facies and Fossils 


B. manflasensıis Z. 790323/5+5a flasensis n. sp. [“Hammatoceras cf. 
insigne” of Westermann & Riccardi 
1972, 1979], B. delicata n. sp., Lei- 
oceras comptum cf. chilense n. ssp., 
Sphaerocoeloceras brochüforme Jaw. 


Upper Toarcıan 
P. tennicostatum Z. 4a 0.5 m Limestone bed; Phlyseogrammoceras 
790323/4 tenuicostatum (JAw.). 
2.2.4 Rio Grande area, SW Mendoza a. The Bardas Blancas section has littoral facies of conglo- 
merate, sandstone, marls and shell beds which have yielded 
These important Aalenian occurrences are20t050 km west abundant bivalves, but poorly preserved and scarce ammoni- 
and south of Cerro Puchenque (discussed above). They in- tes. The ammonites reported from here since Burckhardt 
clude the classical outcrops Bardas Blancas, where Highway (1900, 1903) and Groeber (1918) were mostly ex situ; the 
40 crosses the Rio Grande, and Cerro Tricolor to the north- Zurcheria assemblage however, came from a single place 
west (cf. Westermann & Riccardi 1979), as well as the new (Westermann & Riccardi 1979, p. 100). Evidence for Lias and 
section at Rio Potimalal, between the two (Westermann & Bajocian is poor. The approximate succession of the Puchen- 
Riccardi 1982). que Formation is as follows: 
Age Field-number Thickness Facies and Fossils 
Bajocıan 
?E. giebeli Z. 295 9m Sandstone and yellowish marl; upper 
third with Sonninia (Papilliceras?), 
?Chondroceras, bivalves and belem- 
nites. 
ca. 27m Sandstone and yellowish marls, un- 
fossiliferous. 
Aalenıan 
Z. groeberi Z. (1) ca. 22m Sandstone and shell beds; loose slab 
with Tmetoceras cf. scissum (BEN.), 
Zurcheria groeberı West. & Rıcc., 
Planammatoceras (P.) cf. planiforme 
Buck. [= ?P. tenuinsigne (VACEK) = 
“Endmetoceras (Euaptetoceras) sp. 
nov. aff. klimakomphalum” of 
Westermann & Riccardı 1972, 1979], 
bivalves abundant. 
(? Murchisonae Z.) ca. 40m Shales, metamorphosed at base; 
unfossiliferous (Planammatoceras 
tenuinsigne reported by Groeber et 
al. 1953, p. 210, from the base of the 
section suggest a post-Scissum age). 
Triassic Andesitic-keratophyric sill and mas- 
sive red porphyrite of ?Remoredo 
Formation. 
b. A much thicker arenaceous-argillatious section of the Blancas. It was recently found by C. Gulisano and the am- 
Cuyo Group is at Rio Potimalal, 12 km upstream of this tri- monite succession was described by Westermann & Riccardi 


butary of the Rio Grande, and about 15 km SW of Bardas (1982). 


Age Field-number Thickness Facies and Fossils 
Bajocıan 
P. singularıs Z. G/826 90 m Mudstone with some sandstone and 


concretions; at 50 m below top: 
Sonninia espinazitensis altecostata 
Torn., Psendotoites cf. sphaerocero- 
ides Torn. 
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Age Field-number Thickness Facıes and Fossils 
Aalenıan 
P. malarguensıis Z. 
P. mendozana Sz. F/825 16 m Sandstone; at top Puchengnia 
E/824 (Gerthiceras) mendozana West. & 
Rıcc. 
P. compressa Sz. 1-2 m below top Puchengmia (Gerthi- 
ceras) compressa WEST & Rıcc. 
D/822-3 22 Sandstone, mudstone and shell beds; 
in top 5 m Puchenguia (Gerthiceras) 
compressa, ?P. (P.) malarguensis 
Burck., ? Planammatoceras sp. 
C/821 3-5 m above base: ? Planammatoceras 
sp- 
Toarcıan 
Variabilıs- 
Thouarsense Z. B/818 ca. 23 m Sandstone; at top ?Phymatoceras ex 
gr. hillı. 
A/801-2 ca. 3 m above base: Phymatoceras ex 
g. hıllı. 


c. At Cerro Tricolor, 5° km NNW of the Rio Potimalal 
section and 20 km W of Cerro Puchenque, the classical sec- 
tion of Gerth (1925) and Jaworski (1926) has only recently 
been revised (Westermann & Riccardi 1982). This relatively 
thin and only partly marine section is the type locality of Fon- 
tannesia? austroamericana Jaw., Planammatoceras (P.) 


gerthi (Jaw.), Eudmetoceras (E.) endmetum jaworskii WEST. 
and the curious Praeleptosphinctes Jaworskii Wesr. (all based 
on single specimens). The marine, fossiliferous facies is re- 
stricted to the Liasand P. malarguensis Zone, with rare sand- 
stone moulds above representing the E. giebeli Zone. 


Age Field-number Thickness Facies and Fossils 

Bajocıan 

E. giebeli Z. G/217 ca.2m Sandstone; moulds of Emileia sp. 

ca. 40 m (Sandstone and covered softer beds). 

Aalenian 

P. malarguensıis Z. F/814 ca. 12-15m Shales, marls and fossiliferous lime- 
stone; near top Planammatoceras 
(Psendammatoceras) moerickei, P. 
(Ps.) tricolore, Puchenguia malar- 
guensis, P. (Gerthiceras) mendozana. 

Toarcıan D/808 9-10 m Sandstone; at top ?Phymatoceras ex 


2.2.5 Sierra de Reyes, Mendoza-Neuquen border 


From the western slopes of the Sierra, Groeber et al. (1953, 
p- 207) reported beds with Sonninia espinazitensis, Emileia 
multiformis, E. giebeli submicrostoma and Pseudotoites 
sphaeroceroides ofthe E. giebeli Zone. The remaining collec- 
uons of Groeber from this locality, however, contain only 
Pseudotoites singularis (GoTT.) of the P. singularis Zone. 


From approximately 100 m lower in the section, Groeber 
etal. reported the Middle Aalenian species Planammatoceras 
(P.) tenuinsigne (VAacEk) which was tentatively transferred to 
the closely affiliated species P. (P.) planinsigne (VacEk) and 
illustrated by Westermann & Riccardi (1972, Pl. 2, fig. 5). 


From the Aguada de Mula, Westermann & Riccardi (1979, 
p- 99) reported 154 m sandstones mostly of the E. giebeli 


gr. lill. 


Zone, but yielding Podagrosiceras cf. athleticum Maus. & 
Lam. below the Aalenian; underlain by 12 m shales, siltsto- 
nes and some limestone concretions containing Tmetoceras. 


2.2.6 Chos Malal area, N. Neuquen 


From near the base of the famous section at Chacay Mele- 
hue, old reports by Jaworski and Groeber (summarized by 
Groeber et al. 1953, p. 192) list the Aalenıan “Harpoceras” 
klimakomphalum, “H.” cf. opalinus, and Erycıtes fallıfax. 
They were said to have come from 150-200 m black limestone 
overlying Toarcian calcareous sandstone. In the revision of 
the section, however, Westermann & Riccardi (1979, p. 98) 
estimated only 34 m of unfossiliferous argillite and black 
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shale between the Lower Bajocian E. giebeli Zone, and simi- 
lar Toarcian beds yielding Harpocerataceae and Dactyliocera- 
tinae. 


2.2.7 Zapala area, S. Neuquen 


a. At Cerro Lotena, 50 km SE of Zapala, a thick sequence 
(2900-1000 m) of sandstone and conglomerate has yielded, 
Podagrosiceras maubengei West. & Rıcc. below and an early 
Bajocıan Emileia-Sonninia assemblage (Westermann & Ric- 
cardi 1979, p. 96) above. Weaver’s (1931) “Sphaerocoeloceras 
cf. brochiiforme” are juvenile P. maubengei. 


b. The nearby section of Carro Quebrado with rich Middle 
Jurassic ammonite faunas appears to begin with the P. singu- 
larıs Zone. 


c. Atthe Arroyo Picün Leufü, 9 km downstream from the 
mouth ofthe Los Molles stream and about 25 km W of Carro 
Quebrado, there isa ca. 200 m thick section of the arenaceous 
Los Molles (?Lajas) Formation of Toarcian-Aalenian age 
(Westermann & Riccardı 1975). This is the approximate type 
locality of Podagrosiceras athleticum MAUBEUGE & LAMBERT, 
gen. etsp. (holotype re-described by Westermann 1964), and 
near the Weaver (1931) section number 16 (Westermann & 
Rieccardi 1979, p. 94). 


Age Field-number Thickness Facies and Fossils 

Lower Bajocıan 221 5m Claystone, sandstone and concre- 
tions; with Sonninia sp. 

Upper Aalenıan/ 210 Level with Puchenguia malarguensis 

Basal Bajocıan (Burck.), Sonninia (Euhoploceras) 
amosi West. & Rıcc., Podagrosiceras 
athleticum Maus. & Lamg., belem- 
nites and bivalves. 

28m Laminated claystone, sandstone and 

concretions. 

Middle Aalenıan 

(ca. Murchisonae Z.) 207-9 5m Siltstone; Tmetoceras scissum (BEN.), 
(?) Planammatoceras sp., (?) Costi- 
leioceras sp., belemnites, bivalves. 

Lower Aalenian/ 

Toarcıan 151m Interbedded fissile shale and sand- 


2064 


202-199 
198 


A thick section further upstream, above the mouth of the 
Los Molles stream (Westermann & Riccardi 1979, p. 95) ex- 
poses in the lower part ca. 100 m fissile shales with sandstone 
beds and concretions underlain by 20 m impure sandstone 
and claystone. The fauna of the P. singularıs Zone occurs 
35-40 m below top (bed 6), and that of the P. malarguensis 
Zone probably near the base of the fissile shales (bed 5) as well 
as in the claystone (bed 3) near the base of the section. The 
crushed assemblage of bed 3 is now revised to consist mainly 
of (?)Planammatoceras cf. gerthi (Jaw.) and ? Puchengquia. 


d. From the southern end of the Sierra Chacaı Co (Arroyo 
Lapa, A. Maihuem, A. Charahuilla) Hillebrandt (1973a, b) 
and Volkheimer (1973) described a thick Jurassic section 
which starts with the Sierra Chacaı Co Formation of the 
Middle and Upper Pliensbachian. The following Los Molles 
Formation is more than 870 m thick, belongs to the Toarcıan 
and Aalenıan and is overlain by the Cura Niyeu Formation of 
the Lower Bajocıan. 


The Los Molles Formation is composed of shales, siltsto- 
nes, calcarenites and thin bancs of limstones. The often fissile 
shales yielded only crushed ammonites. The Aalenian is do- 
cumented by Tmetoceras sp., Planammatoceras sp., Pu- 


stone, concretions; 

upper 40 m: poorly preserved 
Hildocerataceae; 

lower 30 m: Harpoceratinae indet.; 
at base: plant remains. 


chenquia (Puchengnia) sp. and Puchenquia (Gerthiceras) sp. 
A sample from outside the section yielded Fontannesia ? aus- 
troamericana Jaw. Within the Cura Niyeu Formation, se- 
veral beds with well preserved ammonites of the ?P. singula- 
ris and E. giebeli Zones can be distinguished (Volkheimer 
1973, Westermann & Riccardı 1979). 


2.3 FOSSIL LOCALITIES IN PERU 


The poorly preserved and small Aalenian ammonite assem- 
blages of Peru have recently been summarized and documen- 
ted by Westermann etal. (1980). Since identification of most 
species and even many genera are tentative, recognition of the 
zones is usually also uncertain. 


In central Peru, about 250 km E and SE of Lima, the lower 
part of the Chunumayo Formation at Hacienda Chunumayo 
has yielded Puchenquia aff. malarguensis (Burck.), Fontan- 
nesia ? cf. austroamericana Jaw. and Sonninia indicating the 
P. malarguensis Zone. Higher in the same section the Early 
Bajocıan ammonite fauna occurs described by Jaworski 
(1913-15, 1925) and Steinmann (1929). 


In the Paras area, SE of Ayacucho, the upper Pucara Group 
and lower part of the concordantly overlying Chunumayo 
Formation have yielded Tmetoceras cf. scissum (Ben.), Pla- 
nammatoceras (Psendammatoceras) cf. klimakomphalum 
(Vaczr) and ? Puchenguia, agaın indicating the P. malargu- 
ensis Zone. 


In the Nasca-Rio Grande area of coastal southern Peru (?) 
Bredyıa sp. (“Hammatoceras alleoni Dumorrtier (?)” of We- 
stermann et al. 1980, p. 34) and Planammatoceras aff. pla- 
ninsigne (VACEK) occur, respectively suggesting the presence 
of the B. manflasensis Zone and Z. groeberi Zone. 
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South of Arequipa in southernmost Peru, the San Francisco 
Formation is saidto have yıelded Fontannesia? and “Eudme- 
toceras“ klimakomphalum of the P. malarguensis Zone, as 
well as Early Bajocian ammonite taxa. 


The type region of the San Francisco Formation was map- 
ped recently by R. Suarez (University of Arequipa). Near 
Palca above limestones with badly preserved Phymatoceras 
he found a well preserved fauna with Bredyia manflasensis n. 
sp., Sphaerocoeloceras brochüforme Jaw., Dumortieria pu- 
silla Jaw. (very frequent) and Puchenguia (very rare). This 
fauna proves at least the B. manflasensis Zone. 


3. AMMONITE ZONES 
(v. Hillebrandt & Westermann) 


In Europe, the Aalenian zonation is based largely on the 
Graphoceratidae genera Leioceras, Ludwigia [incl. Brasilia], 
Stauffenia and Graphoceras. Graphoceratidae are absent to 
extremely rare along the eastern Pacific margin and are largely 
replaced by Pseudolioceras and the Hammatoceratidae (cf. 
Westermann 1981). In Boreal Europe, however, where most 
standard zones have been established, Hammatoceratidae are 
rare, being moderately abundant only in the Mediterranean 
and Submediterranean provinces. Most of the Andean Ham- 
matoceratidae genera and subgenera are also present in Euro- 
pe, i. e. Bredyia, Parammatoceras, Planammatoceras s. s., 
P. (Pseudaptetoceras) and Eudmetoceras, whereas Puchen- 
qmia ss. and P. (Gerthiceras) appear to be endemic. (Note, 
however, that Prof. R. Mouterde has recently found a single 
Puchenguia ss. within a diverse Euhoploceras-Graphoceras- 
Fontannesia assemblage of Portugal, Aalenian/Bajocian 
boundary; unpublished but confirmed by Westermann.) The 
use of the European standard zones is therefore difficult and 
partly impossible and a regional zonal sequence for the Andes 
is required, in continuation of that established for the higher 
Aalenıan by Westermann & Riccardi (1979) (Text-fig. 5). 


Of particular chronostratigraphic interest is the genus 
Tmetoceras. In Europe it was abundant only in the Scissum 
Zone of the Lower Aalenian, but along the eastern (and 
western) Pacific Tmetoceras flourished in the Upper Aale- 
nian and disappeared suddenly at the Aalenian/Bajocian 
boundary (Westermann 1980). 


The Toarcian/Aalenian boundary is defined by the pre- 
sence of Pleydellia (Walkericeras) directly below beds with 
Leioceras. In Chile, between Salar de Pedernales and Rio 
Transito, this boundary lies within the several meters thick 
bioclastic limestones which contain a more or less rich mol- 
lusc and brachiopod fauna. In several sections, a hiatus exists 
at the base of these limestones which may represent several 
zones or subzones of the Upper Toarcian. The lower part of 
the bioclastic limestones contains the uppermost Toarcian 
(“P. flnitans” Zone) Pleydellia (Walkericeras) cf. fluitans 
(Dum.) and the upper part contains Leioceras comptum chi- 
lense n. ssp. indicating the Scissum Zone, as well as Bredyia 
ssp. (indicating the Opalinum and/or Scissum Zones). 


The Aalenıan of northern Chile and west-central Argentina 
can be divided into the following formal assemblage zones 
and subzones (from below). 


1. ASSEMBLAGE ZONE OF 
BREDYIA MANFLASENSIS [nov.] 


Bredyia manflasensis n. sp. — restricted to zone and most 
common sp. 

B. delicata n. sp. 

Leioceras comptum chilense n. ssp. 

Leioceratinae gen. et sp. indet. A 

Sphaerocoeloceras brochüforme Jaworskı 


The B. manflasensis Zone can be identified in many sec- 
tions of northern Chile as well as locally in Mendoza. Leioce- 
ras comptum is restricted to the Scissum Zone (= “Comptum 
Zone’ auct.) in Europe (Rieber 1963), while Bredyıa occurs in 
Europe inthe Opalinum Zone (rare) and Scıssum Zone (more 
abundant) (SENIOR 1977). — Since the beds immediately subja- 
centto the B. manflasensis Zone already yield ammonites of 
the uppermost Toarcian, the B. manflasensis Zone appears to 
be coeval to both the Opalinum and Scissum Zones (= “Opa- 
linum Zone’ s. ]. in Hillebrandt 1970, 1973, 1981; Wester- 
mann & Riccardı 1972-1979). Good evidence for the Opalı- 
num Zone (s. s.), however, is still missing for the entire Paci- 
fic area. 


2. ASSEMBLAGE ZONE OF ZURCHERIA GROEBERI 
[Westermann & Riccardi 1979] 


Parammatoceras jenseni n. sp. - commonest species and re- 
stricted to zone 

Zurcheria groeberi \WESTERMANN & RICCARDI 

Podagrosiceras athleticum MAUBEUGE & LAMBERT 

[? Puchenguia (Gerthiceras) sp. indet.] 


This jenseni assemblage is placed ın the Z. groeberi Zone 
as established in west-central Argentina where hammatocera- 
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Text-fig. 5. 


tids are scarce (Westermann & Riccardi 1979, p. 114; Riccar- 
di, pers. com.). This assemblage is best developed east of Po- 
trerillos and also characterized by an abundant large Ento- 
lium. This zone is consistantly superjacent to the B. manfla- 


sensis Zone. 


Significantly, the genus Zurcheria appears in the Andes 
much earlier than in Europe, where it is of (latest Aalenian 
and) earliest Bajocian age. 


The correlation ofthe Z. groeberi Zone with the European 
standard zones is difficult. The new Chilean evidence and re- 
vision of the Bardas Blancas assemblage in Mendoza (with 
Planammatoceras cf. planiforme Buckman) indicate an ear- 
lier age than Concava Zone as supposed previously (Wester- 
mann & Riccardi 1979, p. 112). The approximate correlation 
with the Murchisonae Zone (s. |.) is strongly indicated. 


3. ASSEMBLAGE ZONE OF 
PUCHENQUIA MALARGUENSIS 
[Westermann & Riccardi 1979] 


This zone has been established for Peru, northern Chile and 
western Argentina. 


a) RANGE-SUBZONE OF PUCHENQUIA COM- 
PRESSA [|NOV.]: 


Puchenguia (Gerthiceras) compressa WESTERMANN & Rıc- 
CARDI- Most common species but possibly not restricted to 
subzone. 

Tmetoceras ex. gr. scissum BENECKE 

T. cf. flexicostatum \VESTERMANN 

(?) Graphoceratidae n. gen. etn. sp. A (aff. Ludwigia crassa 
Horn) 

Planammatoceras (Pseudammatoceras) klimakomphalum 
ar 

Pl. (Ps.) tricolore \WESTERMANN & RiccARDI 

eudmetum jaworski \NESTERMANN 

Fontannesia ? austroamericana JAWORSKI 

Puchenquia (Puchenquia) malargnensis (BURCKHARDT) 

P. (Gerthiceras) mendozana spinosa n. ssp. 


EUROPE CHILE ARGENTINA PERU 


Singularis 
[P maubeugei] 


Pmendozana 


P compressa 


B. manflasensis 


“P lotharingica” 


P. tenuicostatum P. tenuicostatum 


P malarguensis 


Singularis 
®P maubeugei 


Pansic| P mendozana 
malarguensis| _”® 


P compressa 


Z. groeberi 


[Planamm. ex gr. 
planiforme] 


B. manflasensis 


? 2 
Se er 
“P lotharingica” 


Correlation table. 


Podagrosiceras aff. athleticum MAuBEUGE & LAMBERT 
? Zurcheria groeberi \WESTERMANN & RıCcArDI 


This assemblage is found in numerous Chilean sections as 
well as in southern Mendoza province. 


If the single specimen listed above under Graphoceratidae 
n. gen. etn. sp. A should indeed be related to Ludwigia cras- 
sa, correlation with the Murchisonae Zone would suggest it- 
self (but is not strongly indicated). Planammatoceras klima- 
komphalum, however, is restricted in the Mediterranean area 
to the Concava and lower Discites Zones (earlier reports from 
the upper Murchisonae Zone appear to be erroneous; Elmı, 
pers. com.). Eudmetoceras eudmetum also occurs in the Late 
Aalenıan E. howelli Zone of the Alaska Peninsula (Wester- 
mann 1964) and around the Aalenian/Bajocıan boundary of 
western Europe indicating a very late Aalenian age. The pre- 
sence of Puchenguia malarguensis identifies this assemblage 
with the P. malarguensis Zone, as earlier defined from west- 
central Argentina (Westermann & Riccardi 1979). Since the 
generic affınity ofthe Andean supposed Fontannesia remains 
uncertain (closer affınity to Puchenguia is possible), the true 
Fontannesia from the Aalenian/Bajocian boundary of Eu- 
rope and east Tethys, cannot be used for dating ofthe Andean 
assemblage. Since the superjacent subzone belongs to the Aa- 
lenian, the best age correlation appears to be with the early 
Concava Zone. 


b) RANGE-SUBZONE OF PUCHENQUIA MENDO- 
ZANA [NOV.]: 


P. (Gerthiceras) mendozana WESTERMANN & RıICcARDI — re- 
stricted to subzone 

?P. (G.) compressa \WESTERMANN & RıccArDI 

Tmetoceras ex gr. scissum BENECKE 

T. cf. flexicostatum \ESTERMANN 

?Planammatoceras (Pseudaptetoceras) cf. klimakomphalum 
(VACER) 

Pl. (Ps.) tricolore \WESTERMANN & RıCcaARrDI 

?Pl. (Ps.) kochi (Prinz) 

Endmetoceras cf. eudmetum jaworsküi WESTERMANN 

Puchenguia (Puchenguia) malarguensis (BURCKHARDT) 


This subzone is present east of Pedernales and in the Que- 
brada El Bolito of Northern Chile and in the Rio Grande area 
of Mendoza province. 


The associated ammonite fauna is almost identical with that 
of the underlying P. compressa Subzone, including the pre- 
sence ofthe Aalenian index Tmetoceras and Puchengnia ma- 
larguensis ofthe P. malarguensis Zone. This subzone there- 
fore belongs into the upper P. malarguensis Zone and at or 
very close to the top of the Aalenian. 
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c) ZONULE/HORIZON WITH PODAGROSICERAS 
MAUBEUGEI [NOV.] 


P. manbeugei \WESTERMANN & RıccarDı occurs above the 
rich Puchenguia mendozana assemblage in the Quebrada 
Caballo Muerto and appears to be associated here with Time- 
toceras cf. flexicostatum \WESTERMANN of the Aalenian. The 
two species, however, could have come from different (al- 
though close) stratigraphic levels. In the Manflas area, this 
small zonule occurs below a fauna of the P. singularis Zone 
(sensu Westermann & Riccardi 1979). This faunule may also 
be present in the Quebrada EI Asiento above a level with 
P. mendozana, P. malargnensis (Burck.), Planammatoceras 
tricolore West. & Rıcc. and Eudmetoceras cf. eundmetum ja- 
worskii West.. The age of this faunule horizon closely appro- 
ximates the Aalenian/Bajocıan boundary. 


4. TAXONOMY 
(G.E.G. Westermann) 


SUPERFAMILY ?EODEROCERATACEAE SpatH 1929 
FAMILY ?EODEROCERATIDAE SrarH 1929 
SUBFAMILY ?COELOCERATINAE Haug 1910 


Genus Sphaerocoeloceras Jaworskı 1926 


Sphaerocoeloceras brochuforme Jaworskı 1926 
Pl. 1, figs. 1-3 


Materialand distribution - Locality 1, 670812/5, and 
4, 720104/6 and 6a, at Manflas, B. manflasensis Zone; Que- 
brada Honda, 680109/15, 680109/13, 680109/10, 680109/7, 
B. manflasensis Zone, “P. flnitans” Zone, “P. lotharingi- 
ca” Zone, P.tenuicostatum Zone; Arroyo ÖOveras, 
790323/5a, b, B. manflasensis Zone. 


Remarks - A number of complete specimens of this spe- 
cies are now available, ranging in age from Late Toarcian to 
about the middle part of the Aalenian. The taxonomic and 
phylogenetic study of this interesting sphaeroconice micro- 
morph is urgently needed. The phragmocone has highly infla- 
ted, involute whorls. The end of the phragmocone and the 
body chamber become rapidly more evolute and contracted, 
with the simple peristome marked by a constriction. The Aa- 
lenıan representatives are significantly larger than their Toar- 
clan ancestors, 1. e. about 20-25 mm versus 15-20 mm dia- 
meter (note that Arkell’s figure in the Treatise, p. L256, 
fig. 1, is enlarged about 2'/, times). There is appreciable va- 
riation in the ornament consisting of elongating primaries and 
blunt secondaries which become increasingly reduced on the 
venter. The body chamber bears long, blunt, rursiradiate, 
somewhat convex primaries and short, very blunt secondaries 
becoming obsolescent over a narrower or wider area on the 
broad venter. Yetthere is much varıation, the secondaries be- 
ing either clearly present on the outer flanks or obscure. The 
septal suture is simple ammonitic as originally described by 
Jaworski (1926). 


The Early and Middle Liassic micromorphs are now known 
for their longevity, with single species of Cymbites NEUMAYR 


ranging through the Sinemurian and/or Pliensbachian (Schin- 
dewolf 1961; Donovan & Forsey 1973). While the cymbitids 
are mostly smooth and classıfied in the Psilocerataceae, the 
Early Pliensbachian Mediterranean genera Praesphaeroceras 
Levi (incl. Diaphorites) and Pimelites Fucını are costate and 
placed in the Coeloceratinae of the Eoderocerataceae. Of par- 
tieular interest isthe Late Toarcian micromorph Onychoceras 
WUnsTorF which resembles Sphaerocoeloceras also in the 
convex blunt primaries on the body chamber (Hillebrandt 
1970, p. 189; Guex 1975). Onychoceras was placed in the 
Grammoceratinae of the Hildocerataceae by Arkell et al. 
(1957, Treatise, p. L262) for no obvious reason. Morphoge- 
netic studies are needed to establish the detailed affinities be- 
tween Late Toarcian-Aalenıan Onychoceras and Sphaerocoe- 
loceras on the one hand and the Early Pliensbachian Prae- 
sphaeroceras and Pimelites on the other. Even the supposed 
Early Toarcıan Hildoceratids Peroniceras Hyatt and Fre- 
chiella Prınz need consideration in this respect. 


SUPERFAMILY HILDOCERATACEAE 
FAMILY HILDOCERATIDAE Hvarr 1867 
SUBFAMILY TMETOCERATINAE Buckmann 1892 
Genus Tmetoceras BUCKMAN 1892 


Tmetoceras ex gr. scissum (BENECKE 1865) 


Material -— Quebrada EI Asiento, section 3, bed 14, 
660707/9, section 4, bed 14, 670305/11, and section 5, bed 14, 
670307/2; cf. Quebrada El Hueso, section 1, bed 14?, 
670306/12; and cf. Quebrada La Chaucha, 661129/5; Bed 5 
of Manflas (McM. J1188: 17, 20). 

Distribution - P. malarguensis Zone, (?P. compressa 
and) P. mendozana Subzone. 

Remarks — The group includes species and/or faunas 


characterized by moderately evolute whorls and stiff promi- 
nent ribbing (cf. Westermann 1964). 


m 
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Tmetoceras cf. flexicostatum WESTERMANN 1964 
Pl. 1, fig. 4 


(?) 1964 (Aug.) Tmetoceras kirki flexicostatum — Wester- 
mann, p. 440, pl. 72, figs. 8-10, Text- 
fig. 37. 


?1964 (Oct.)  Tmetoceras dhanarajatai -— Komalarjun & 


Sato, p. 155, pl. 6, fig. 1-9, 16-18. 


1972 Tmetoceras cf. flexicostatum West. — 
Westermann & Riccardi, p. 23, pl. 1, fig. 6. 


Material - Single specimens from Quebrada Caballo Mu- 
erto, 670304/3; Quebrada El Asiento, section 4, bed 14, 
670305/16; Quebrada El Patön, 680220/8; and bed 5 of Man- 
flas (McM. ]1346). 


Distribution - P. malarguensis Zone, P. mendozana 
Subzone (+ ?P. compressa Subzone and P. manbeugei zon- 
ule). 


Remarks- This species is characterized by large size (D = 
85 mm!), advolute subcircular whorls, dense rectiradiate rib- 
bing ending in minute ventral tubercles, and a broad mid-ven- 
tral smooth band. 


The stratotype of P. flexicostatum is in the upper E. ho- 
welli Zone (topmost Aalenian) of Wide Bay, Alaska Peninsu- 
la. It was originally placed as a subspecies in T. kirki (We- 
stermann 1964) (described as having compressed whorls with 
markedly flexed ribbing). Finds subsequent to that mono- 
graph in the T. tenue zonule (Westermann 1969), however, 
indicate that compression of the whorl section and flexing of 
the rıbs is mostly secondary, due to erushing in the mudstone 
matrix. One of the new specimens also bears a small lappet at 
53 mm diameter, indicating thatthe mature microconch is ex- 
tremely large. 


T. dhanarajatai KOMALARJUN & SaTo from the Aalenian of 
Thailand is a close match to T. flexicostatum, as far as can be 
determined from its different preservation (non-deformed 
but small and incomplete). Komalarjun and Sato’s name thus 
becomes a possible junior synonym, postdating Wester- 
mann’s name by only two months. 


The association with Puchenguia s. s., P. (Gerthiceras) 
and Planammatoceras (Psendaptetoceras) indicates a similar 
Late Aalenian age for the Chilean occurrence. 


FAMILY ?HILDOCERATIDAE Hvarr 1867 
[OR HAMMATOCERATIDAE] 
SUBFAMILY ?GRAMMACERATINAE Buckman 1904 
[OR HAMMATOCERATINAE] 


Genus ?Fontannesia Buckman 1902 [or Puchenguia] 
Fontannesia ? austroamericana Jaworskı 1926 (CO) 
Pl. 1, fig. 8 


Material — Quebrada EI Asiento, section 8, 670307/11; 
cf. Quebrada El Bolito, bed 14, 670222/13; Quebrada Chan- 
choquin, 671009/9; bed 5 of Manflas (McM. J1188). 


Distribution — P. malarguensis Zone, P. compressa 
Subzone. 


Remarks - For an extensive discussion of this genus and 
species see Westermann & Riccardi (1972, p. 24). The generic 


affınıty of this probable microconch remains uncertain. The 
late hammatoceratid Puchenguia is certainly another 
possibility. All Chilean specimens, however, closely re- 
semble the holotype from Argentina. The corresponding ma- 
croconchs are uncommon or absent. 


FAMILY GRAPHOCERATIDAE Buckman 
SUBFAMILY LEIOCERATINAE SrarH 1936 
Genus Leioceras Hyatt 1867 
Leioceras comptum (REINECKE 1818) 

For complete synonymy see Rieber (1963). 


Leioceras comptum chilense WESTERMANN n. ssp. 9 
Blast 


1973 Leioceras cf. comptum (Reın.) — Hillebrandt, p. 176. 


Holotype — The almost complete specimen B. St. M. 
1983V 15 from locality 4, 720104/6, at Manflas. 


Diagnosis — A large subspecies of L. comptum with 
sub-rectangular whorls. 


Derivatio nominis — Self-explanatory. 


Other Material - Locality 4, 720104/6, at Manflas; cf. 
Quebrada Honda, 680109/15; cf. Arroyo Overas, 790323/5. 


Distribution — B. manflasensis Zone (lower part). 


Description — The mature shell has a diameter of 
95-105 mm. The whorls are compressed sub-rectangular. 
The venter is broad and sub-tricarinate with sharp ventral 
shoulders and central carına (blunt keel or fastigation). The 
weak ornament on the shell consists of irregular and flexuous 
fasciculate bundles of varying prominence. The septal suture 
is weakly incised and exactly as in the nominate subspecies 
(Rieber 1963, Text-fig. 13h-l). 


Comparison — This Chilean form closely resembles 
L. comptum, index of the western European “Comptum 
Zone” (upper part of Scissum Zone; Upper Opalinum Zones. 
l., above range zone of L. opalinum;, see Rieber 1963). It dif- 
fers from the European nominate subspecies in the signifi- 
cantly larger size (95-105 versus 50-80 mm for the macro- 
conch) and in the more strongly sub-rectangular whorl sec- 
tion with better developed ventral shoulders. A sub-tricari- 
nate venter, however, occurs as a variant also in Z. comptum 
s. s. (Rieber 1963). 


We thank Professor Rieber for lending us comparative ma- 
terial of L. comptum s. s. from the Comptum Zone of Schör- 
zingen in the Suebian Jura. 


The restriction in Europe of the “L. comptum group” of 
Rıieber (including mainly L. comptum Q and its probable mi- 
croconchiate dımorphs L. paucıcostatum RıEBER, L. stria- 
tum (Buckman) and L. crassicostatum RıEBER) to the 
“Comptum Zone” and of the genus Lezoceras to the Opali- 
num Zone s. s. and “Comptum Zone” permits the dating of 
the “Bredyia bed” (720104/6) at locality 4 of Manflas as Scis- 
sum Zone. According to Senior (1975), Bredyia is restricted 
to the “Comptum Zone” (Scissum Zone part.) of Europe. 


Cylicoceras stephanovi Sarunov (1970) from the condensed 
Opalinum Zone of the Central Balkan Range in Bulgaria, ap- 
pears to resemble our form except for the slightly more pro- 
minent ornamentation. 


Measurements (mm) 


Holotype, body chamber 
phragmocone 


B. St. M. 1983 VI6, aperture 


LEIOCERATINAEN. GEN. ETN. SP. A 
Pl. 1, fig. 6 


Material- A single, large, fully septate fragment from lo- 
cality 4, 720104/6, at Manflas. 


Distribution - B. manflasensis Zone (lower part). 


Description — The phragmocone has a reconstructed 
diameter of 135 mm. The inner whorls have a compressed 
sub-rectangular section, with well separated vertical umbilical 
wall and sub-tricarinate venter (shoulders and carına). The 
immature ornament consists of prorsiradiate fasciculate 


Measurements (mm) 


B. St. M. 1983V17, phragmocone 


FAMILY ?GRAPHOCERATIDAE Buckman 1905 


(?) N. gen. etn. sp. A [aff. Ludwigia crassa Horn] 
Bir 2,stie.1, Text-tig. 6 


Material-A single, large, fully septate specimen from lo- 
cality 5, 720106/5, at Manflas. 


Distribution — P. malarguensis Zone, P. compressa 
Subzone. 


Description - The septate fragment is about 200 mm in 
diameter. The whorl section is rounded, compressed sub- 
rectangular, with rounded umbilical slope meeting the seam 
vertically, somewhat convex and converging flanks, and a 
rounded venter. There is no sign of aventral carına or keel on 
the inner whorls (section) and certainly not from 65 mm dia- 
metertothe end. The ornament is highly ornate, commencing 
at least at 20 mm diameter. The umbilicus shows a nucleus 


Measurements (mm) 


phragmocone 


FAMILY HAMMATOCERATIDAE Buckman 1887 
SUBFAMILY HAMMATOCERATINAE Buckman 1887 
Genus Bredyia Buckman 1910 


Discussion — The genus and its apparently single Euro- 
pean dimorphic species B. crassornata (Buckman) 9 - (?) 


91/89 36 22 24.3 
78 3 17.6 18.9 
52 24.1 13.6 10.7 


105 41.5 24 28.3 
77 34.6 19 17.5 
55 DIET, 153 12 


bundles of riblets and of folds on the inner flank which extend 
bluntly with projection onto the outer flank. The last septate 
whorl has very prominent simple radial folds, slightly flexed, 
reaching maximum height at mid-flank; and a sub-tricarinate 
venter. 


Comparison — The inner whorls strongly resemble the 
mature growth stage of Leioceras comptum (Reın.) as descri- 
bed above, while the last septate whorl is a blown-up copy of 
Pleydellia ex gr. flnitans marking the subjacent assemblage 
zone in northern Chile. The very simple septal suture also re- 
sembles that of Leioceras and is close to that of Pleydellia. 


D H W U 
ce. 135 DL 38 — 
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with prominent but blunt bullate nodes near the umbilical 
shoulder. On the outer whorls, these become extended to ab- 
out 2/5 whorl height. There are about 2 fasciculate flexuous 
secondaries per primary. They project strongly on the ventral 
shoulders, before dying out leaving a broad smooth ventral 
band. The septal suture is simple, with markedly oblique um- 
bilical lobes at all stages. 


Discussion - This specimen resembles the extremely or- 
nate Ludwigia crassa Horn from the lower Murchisonae 
Zone, Sinon Subzone, of Europe, in all but the missing keel or 
carina and the larger size. In the absence of additional mate- 
rial, however, the significance of these differences can not be 
established. Furthermore, the genus Zudwrgia and the entire 
subfamily Graphoceratinae are unknown from the entire 
eastern Pacific. It is also possible that this is anew genus deri- 
ved from hammatoceratids. 


D H W U 
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B. subinsignis (OpreL) © was recently studied by Senior 
(1977). This author, however, missed the several records of 
the genus from northern Chile (Westermann 1967; Wester- 
mann & Riccardi 1972; Hillebrandt 1970, 1973). In Europe, 
the genus is said to be restricted to the Opalinum (rare) and 
Scissum Zones (more abundant). 


Text-fig. 6. ?Graphoceratidae indet., (?) n. gen. et n. sp. A [aff. 
Ludwigia crassa HORN], fully septate, from compressa Subzone of 
Manflas, B.St.M. 1983VI10 (720106/5), x 1. 


While the outer whorls of the large Chilean macroconch of 
B. manflasensis n. sp. are a close match to the European ma- 
croconch, with the exception of the reduced ventral fastiga- 
tion (or carina) in the Chilean forms, the septal suture and the 
ornamentation of the inner whorls differ significantly. We 
follow, however, the advice of Dr. Senior (personal commu- 
nication) to place the Chilean forms in the same genus and 
subgenus. The juvenile and immature whorls of the Chilean 
species have more rounded rather than subquadratic whorls 
owing largely to the different ventral ornamentation; the se- 
condaries reach up to the blunt keel and do not leave smooth 
bands or shallow furrows beside the keel as in typical Bredyia 
(including ?Pseudammatoceras and the microconch Rhodan- 
iceras). The juvenile and immature venter is thus similar as in 
Toarcian Hammatoceras. In several Chilean specimens, fur- 
thermore, the keel is almost absent and the secondaries alter- 
nate. The secondaries may even become sub-continuous with 
off-set, strongly resembling the ventral ornamentation of the 
Toarcian-Aalenian Erycites. The outer, mature phragmocone 
whorl of the Chilean macroconchs, however, may assume the 
inflated trapezoidal cross-section of European Bredyia with 
well developed ventral smooth bands besides the blunt keel. 
The body chamber becomes rounded, while it remains carı- 
nate (fastigate) in European Bredyia and most other hamma- 
toceratids. 


The septal suture (Text-fig. 10a, b) has consistantly a small 
and short external lobe E (“ventral”), ”/s to */, the length of 
the lateral lobe L, and mostly a slightly reduced external 
saddle EL, somewhat as is Erycites and other erycitins. The 
umbilical lobe U, (“2nd lateral”) is about as longasL., a fea- 
ture untypical for Erycites, Bredyia and other hammatocera- 
tins. The umbilical lobes are only weakly to moderately re- 
tracted as in Bredyia but contrasting with Erycites and most 
hammatoceratins (except Puchenguia). The rather high com- 
plexity, on the other hand, disagrees with Bredyia. 

The suture of Bredyia (Senior 1977) is proportioned as in 
other hammatoceratins, with long E and short U; while it dif- 
fers consistantly from other hammatoceratins in its simplicity 
and more or less radial saddle envelope. The internal suture 
has a deep I and dominant adjacent saddle IU, followed by a 
much smaller lobe or lobule and saddle. We are aware, howe- 
ver, of the marked variation within the hammatoceratins and 
erycitins of most sutural features, including the relative size of 
the external lobe (cf. Geczy 1966; but note that some draw- 
ings appear to be mislabeled or inaccurate when compared to 
the photographs), and that retraction and complexity in parti- 
cular are strongly dependent of whorl section, degree of invo- 
lution, and ontogenetic stage. 

The mature ventral ornamentation and the septal suture in- 
dicate affınities to the Toarcian-Aalenian Erycites. All eryci- 
tins differ, however, in the well developed primary ribs, with 
or without terminal small tubercles, the overall weaker orna- 
mentation and in the retainment of the ventral features to the 
aperture. Some Toarcian Hammatoceras (particularly 
„Pachammatoceras“ Buckman 1921) have similar immature 
ornament and whorl section, but differ in the suture, the bul- 
late (radially extended) rather than round umbo-lateral nodes 
or spines and in the more compressed and ogival outer 
whorls. 


„„Pseudammatoceras“ Eımı (1963) ıs based on Amm. sub- 
insignis Opper (©'?) which Senior (1977) considers synony- 
mous with Bredyia crassornata (BUCKMan 1910 —-type species 
9), so that Elmi’s genus would become a junior synonym of 
Bredyia. Another hammatoceratid bearing resemblances in 
ornamentand ventral features is the late Aalenian Boreal Ery- 
citoides WESTERMANN 1964. Erycitoides differs in the much 
less inflated whorls, the longer secondaries and in the normal 
hammatoceratin septal suture. 


These Chilean species are thus intermediate to 3 genera and 
2 subfamilies of the Hammatoceratidae, i. e. Erycites of the 
Erycitinae and Hammatoceras as well as Bredyia of the 
Hammatoceratinae. Their ontogenetic development indicates 
that they are a phyletic link between Hammatoceras and 
Bredyia, with recapitulation, and a parallel development of 
Erycites. They are thus ““primitive” Bredyra. Since in Europe, 
Bredyia appears cryptogenetically and in the upper Opali- 
num Zone s. s., becoming abundant in the Scissum Zone (Se- 
nıor 1977) migration to Europe, from the southeastern Pacific 
through the “Hispanic corridor” (Smith 1983) is indicated. 


Bredyia manflasensis \WESTERMANN n. sp., Q and ? O’ 
Pl. 2, figs. 24, Pl. 3, figs. 1-3, Pl. 4, figs. 1-4, Text-figs. 
7-9, 10a, b. 


Hammatoceras Alleoni Dum. — Möricke, 
p- 16, pl. IV, fig. 11. 


? 1894-95 


d X) D 


Text-fig. 7. Bredyia manflasensis n. sp. - a, discoidal-smooth variant, B.St.M. 1983VI14 (720104/6a); b, 
holotype (solid lines) and large septate whorl of specimen (dot-dashed), B.St.M. 1983 V120 (720104/6a); c, 
evolute-ornate variant, B.St.M. 1983V121 (720104/6a). All fully septate, nat. size; d, septum at 59 mm 
diameter and 26 mm whorl width, B.St.M. 1983V122 (661129/4), x1,5. 


1970 Bredyia — Hillebrandt, p. 184. 

1972 Bredyia aff. crassornata BUCKMAN -— 
Westermann & Riccardi, p. 28, pl. 2, fig. 
2a-b. 


Holotype - The well preserved septate specimen B. St. 
M. 1983 VIl1 from locality 4, 720104/6 + 6a, at Manflas. 


Diagnosis — A variable species of Bredyia with Hamma- 
toceras-like juvenile stage, distant ornamentation and short 
external lobe. 


Derivatio nominis — After the Hacienda Manflas, re- 
gion of Atacama, Chile. 


Other material - Salar de Pedernales, 6607 14/3a; Porte- 
zuelo de Pedernales, section 16, 660709/3, 660710/8; Que- 
brada El Asiento, section 4, bed 9, 670305/8, section 3, bed 9, 
660707/13; Quebrada La Chaucha, 661129/4; Quebrada El 
Bolito, bed 12, 670222/11-12; Quebrada San Pedrito, 


711215/5; Quebrada Yerbas Buenas, bed 12, 681221/9; R4o 
Jorquera (La Guardia), 720108/9; Manflas, locality 1, 
670812/5 and locality 4, 720104/6 + 6a; Quebrada Chancho- 
quin, 671009/7; Quebrada Honda, 680109/15; Arroyo Over- 
as, 790323/5; Cerro Puchenque, locality 4. 


Distribution — B. manflasensis Zone. 


Description — The adult macroconchs vary greatly, from 
planulate-coronate to discoidal-smooth, and have an estimat- 
ed complete diameter of 150-250 mm (?320 mm). The body 
chamber, however, is rarely present and poorly known. 

The whorls vary from moderately involute (U/D = 0.15; 
forma involuta) to evolute (U/D = 0.45; forma evoluta), tend- 
ing to become more tightly coiled at maturity. The whorl 
section of the nucleus is depressed elliptical; becomes slightly 
depressed ovate to semicircular at 15-20 mm diameter, with 
vertical, somewhat rounded umbilical slope and maximum 
width near the umbilical shoulder; and ovate-ogival at 
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Text-fig. 8. Bredyia manflasensis n. sp. - Scatter of whorl height (H), whorl width (W), and umbilical 
diameter (U). The whorl-section (W/H) is indicated by the connecting line. Ontogeny indicated for holo- 


type only. 


40-60 mm diameter. The mature whorls become ovate, 
slightly depressed to moderately compressed, and somewhat 
sub-triangular with the body chamber where the ventral ca- 
rina (fastigation) disappears entirely. 


The ornamentation of the inner whorls consists of massive 
bullate nodes on the umbilical shoulder, between 7 and 10 (11) 
per half-whorl, and 2 to rarely 3 times as many massive but 
blunt secondaries, only 15 to 20 per half-whorl. These ribs are 
usually rectiradiate to somewhat prorsiradiate and reach to 
almost mid-venter, dying out at the very blunt solid keel or 
carina where they tend to alternate. Smooth bands beside the 
keel are usually missing. 


mm 


50 


40 
0 

U 3 
20 


10 


10 30 50 70 


D 


90 


On the intermediate whorls, the secondaries tend to project 
more strongly and may leave narrow smooth bands besides 
the low keel, a mere carına on the internal mould. 


On the outer whorls, the 9 to 15 ('/; whorl) bullate nodes 
become obsolete at 80-120 mm diameter in the evolute and in 
the average forms, while they disappear already at 
60-100 mm diameter in the involute forms. Slightly later, the 
secondary costae begin to withdraw from the lower flank, 
with similar inter-correlation with the coiling and whorl sec- 
tion attributes of the shell. The evolute and more inflated (re- 
latively depressed) shells retain much of the ornamentation, at 
least on the middle and outer flank up to the end of the 
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Text-fig. 9. Variability of umbilical width (U) against diameter (D) of Bredyia manflasensis n. sp. 


phragmocone at about 120-150 mm diameter (the body 
chambers are poorly known). The involute and more com- 
pressed forms become entirely smooth on the entire ultimate 
phragmocone whorl (and on the body chamber) (Pl. 3, fig. 1). 
This conforms to the widespread “Ist Buckman Law of Cova- 
riation” (Westermann 1956). 

Several small specimens associated with the large specimens 
at Manflas (Pl. 2, figs. 3, 4; Pl. 3, fig. 2) are either incomple- 
te, immature or the mature microconchs to the B. manflasen- 
sis described above. The extremely coarse secondaries which 
run subcontinuously across the venter of the outer whorl, in- 
dicate that the shells are mature. Because of the absence of 
shell, however, the critical observations on the position and 
distance of the last septa can not be made. 

The septal suture ıs moderately to rather strongly compli- 
cated (Text-figs. 10a, b; note that 10a ıs somewhat corroded). 
E is short, only '/z to */s of L; E/L saddle is smaller than the 
L/U; saddle; L is usually deep and broad; U, deep and nar- 
row, somewhat oblique; U; + begins with a deep oblique ele- 
ment, followed by straight elements with a radial envelope. 


Measurements (mm) 


Holotype, phragmocone % 


B. St. M. 1983V124 (670222/11), 
body chamber ? 


end phragmocone 


B. St. M. 1983 V120 (720104/6a), 
phragmocone ? 


B. St. M. 1983V126 (670812/5), 
phragmocone ? 


f. involuta 


B. St. M. 1983 V114 (720104/6a), 
phragmocone ? 


B. St. M 1983 V115 (670812/5), 
phragmocone ? 


f. evoluta 


B. St. M. 1983V121 (720104/6a), 
phragmocone ? 


B. St. M. 1983V127 (720104/6+6a), 
phragmocone ? 


B. St. M. 1983V128 (670812/5), 
phragmocone ? 

B. St. M. 1983V119 (670812/5), 
?body chamber (4) 
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The internal suture has a deep I, and a single (paired) domi- 
nant “internal lateral saddle” //U, followed by a small lobe 
(or lobule) and a much smaller second saddle. 


Discussion - This species is much more inflated and has a 
more prominent and distant ornamentation than the associa- 
ted B. delicata n. sp. The European type species (with syno- 
nyms; Senior 1975) differs in the presence of ventral bands 
also on the juvenile whorls, the retaining of the ventral fastiga- 
tion or carina to the aperture, as well as in the deep external 
lobe of the septal suture. 


Because of the extremely broad variation, particularly in 
coiling (U/D from 0.15 to 0.45!), several species (two named) 
were originally distinguished. Improved stratigraphic infor- 
mation on the association of these intergrading forms, howe- 
ver, has convinced me of the genetic homogeneity of the 
samples. Similar variance in shape and intercorrelated orna- 
mentation are now known from a variety of species, e. g., of 
the Macrocephalitidae (unpublished) and Cardioceratidae 
(Callomon, personal communication). 
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Text-fig. 10. Bredyia manflasensis n. sp. —a, external septal sutures (somewhat corroded); discoidal varie- 
ty, B.St.M. 1983V123 (720104/6a), X3; b, evolute variety, B.St.M. 1983V 117 (790223/5), X3; c, Bredyia 
delicata n. sp. — external septal suture (strongly corroded), B.St.M. 1983V130 (661129/4), X6. 


Bredyia delicata WESTERMANN n. sp. 
Pl. 5, figs. 14, Pl. 6, fig. 1, Text-fig. 10c 
1970/73 Parammatoceras sp. 1 — Hillebrandt, p.1S4, 
tab.2. 


Holotype - The well preserved phragmocone B. St. M. 
1983V129 from locality 1, 670812/5, at Manflas, B. manfla- 
sensis Zone. 

Diagnosis -— A compressed involute species of Bredyia 
with dense, delicate ornamentation. 


Derivatio nominis — Referring to the ornamentation. 


Other material - Mostly septate specimens of different 
sizes from Manflas, locality 1, 670812/5, and cf. locality 4, 
720104/6a; Quebrada EI Asiento, section 3, bed 9, 
660707/13, 670305/22; cf. Quebrada La Chaucha, 661129/4; 
Arroyo Overas, 790323/5b. 


Distribution — B. manflasensis Zone. 


Description —- The macroconch is involute discoidal to 
medium-coiled planulate (U/D = 0.15-0.25), with compress- 
ed sub-triangular to trapezoidal whorl section, as high as 


broad. The complete macroconch was very large, approxima- 
tely 300 mm in diameter. Coiling (U/D) is negatively allome- 
tric, the outer whorls being more tightly coiled than the inner 


Ones. 


The steep umbilical seam borders on a rounded margin or 
shoulder, while the flanks are flattish converging toward the 
ventro-lateral shoulders. The venter is broadly rounded and 
bears a blunt keel on shell and internal mould. 


The ornamentation consists of bullate tubercles, sometimes 
rursiradiate, placed on the umbilical shoulder, and rectira- 
diate to slightly flexed costae (secondaries) in pairs and irregu- 
larly intercalated. They are dense (30-35 / half whorl) and 
blunt, project slightly on the ventral shoulder and reach close 
to the keel, without leaving appreciable smooth bands. 


The ornament becomes obsolete, beginning in the inner or 
middle flank, at 60 to 100 mm diameter, so that the ultimate 
phragmocone whorl and the body chamber are mostly or 
entirely smooth. The body chamber is poorly known but, 
judging from the maximum phragmocone diameter of 
235 mm, reaches a size of approximately 300 mm. 


The septal suture is complicated and more or less strongly 
retracted (Textfig. 10c; juvenile and strongly corroded). 


Remarks - This species was originally placed in Param- 
matoceras because of its slightly lengthened (bullate) prima- 
ries on the holotype. These occur, however, also on typical 
Bredyia, while the juvenile stage of this new species has also 
the typical umbilical bullate nodes of the associated B. man- 
flasensıs. 


This species is much more finely costate as well as more 
compressed than even the involute - smooth form of B. man- 
flasensis. They have, respectively, 18-25 and 30-35 secondary 
costae per half-whorl. 


Measurements (mm) 


D 
Holotype, phragmocone ? 98 
64 
B. St. M. 1983V134 (670305/22), 
phragmocone ? 67 
B. St. M. 1983V135 (660707/13), 
phragmocone ? 172 
82 
B. St. M. 1983V132 (670812/5), 
phragmocone ? 89 
55 
B. St. M. 1983V136 (670812/5), 
phragmocone 46 
32 
B. St. M. 1983V137 (670812/5), 
phragmocone 62 
42 
B. St. M. 1983V133 (720104/6a), 
body chamber ? 260 
end phragmocone 235 
208 
144 
99 
66 
B. St. M. 1983VI31 (720104/6a), 
body chamber 2 juv. 107 
begin, body chamber 70 
B. St. M. 1983 V130 (661129/4), 
phragmocone 47 


Genus Parammatoceras Buckman 1925 


This (mainly Middle) Aalenıan genus is based on the type 
species P. obtectum Buckman from upper Murchisonae Zone 
of Dorset, England. It is characterized by inner whorls with 
umbolateral tubercles and low keel as in Hammatoceras, but 
intermediate whorls with elongated primaries and fasciculate, 
somewhat falcoid ribbing, slightly projected and terminating 
near the keel. The ornament is retained to considerable size. 
The umbilicus is steep with well developed margin or shoul- 
der particularly in the outer, usually somewhat involute 
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One medium-size specimen (D = 107 mm; pl. 5, fig. 3) 
with 300° body chamber from Manflas (B. St. M. 1983V131) 
and ? a nucleus from Quebrada La Chaucha (B. St. M. 
1983V130), both B. manflasensis Zone, were originally pla- 
cedin Hammatoceras ex. gr. speciosum JanEnscH. The larger 
specimen, however, is probably a juvenile, relatively evolute 
variant of Bredyıa delicata, differing from typical Hammato- 
ceras in the presence of elongated bullae rather than round tu- 
bercles (S. Elmi, personal communication); while the small 
specimen resembles the inner whorls of B. delicata from the 
same assemblage. 

The gigantic specimen (Pl. 6, fig. 1) from locality 4 at Man- 
flas (B. St. M. 1983V133) is entirely smooth on all exposed 
whorls and can thus be identified only tentatively. 


H W U P S 
56.6 c.39 15 10 33 
30 e.22.5 92 cr 10 cr30 
32.5, 0,0224 12.1 ec 11 31 
89 53 2335 smooth 
45 30 14 — C236 
41 c. 309 20.5 12 24 
23.3720 13.8 — — 

u — 10.5 — — 
14.7 14.3 7.4 10 23 
29.6 25.8 1259 — - 
213 21:2: 97 — — 

125 96 55 smooth 

—_ — — smooth 
97 77 43.5 smooth 
68 58 29.5 8umbilicus smooth 
48 42 2325 smooth 
28.5 30 — smooth 
45.5 34 30.4 11 26 
27.8 15.4 18.5 9 c325 
22 18.1 11.5 8 26 


whorls. The septal suture isas in Hammatoceras, withlongE, 
moderate complication and strong retraction. 

The Late Aalenian-basal Bajocıan Eudmetoceras differs in 
the gentle umbilical slope of the inner whorls, which also have 
stiffer and coarser ornament, smooth ventral bands and a high 
hollow-floored keel. The Middle Aalenian Planammatoceras 
Buckman 1922 has more evolute whorls, shorter but persis- 
tent primaries bearing lateral tubercles, flexuous ribbing rea- 
ching up to the keel and a high, hollow-floored keel. 

New excavations are currently underway in the classic Infe- 
rior Oolite quarry of Horn Park in Dorset, England (J. Cal- 
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lomon, pers. comm.), from which much of Buckman’s nume- 
rous species (real and ficticeous) were originally described. 
The type species P. obtectum lies in the upper Murchisonae 
Zone (the new Bradfordia gigantea Zone/Subzone), while 
the genus range appears to encompass most of the Murchiso- 
nae and the lower Concava Zone (R. B. Chandler, pers. 
comm.). 


Parammatoceras jenseni \WESTERMANN n. SP. 
Pl. 7, figs. 1-5 


1970 Parammatoceras sp. 2. - Hillebrandt, p. 184, tab. 2. 


Holotype - The well preserved, but somewhat corroded 
phragmoconeB. St. M. 1983V138 from Quebrada El Asiento, 
section 4, bed 10, 670305/14, P. jenseni Assemblage. 


Diagnosis — A species of Parammatoceras with coarse, 
especially secondary, ribbing; inner whorls tuberculate with 
moderate density and prominence. 


Derivatio nominis — In honour of Mr. and Mrs. Jen- 
sen, formerly owner of “Hacienda Manflas”. 


Other material -— Quebrada EI Asiento, section 6, 
660708/4, and section 3, bed 10, 660707/10, 670305/23, 
670306/2; Quebrada El Hueso between sections 1 and 2, bed 
10, 670306/13, and section 1, 670306/7, 8; cf. Quebrada El 
Bolito, bed 13, 670222/12; Manflas, localıty 4, 720104/7. 


Distribution - Z. groeberi Zone. 


Description — The inner and intermediate whorls are 
moderately evolute with rounded, compressed subrectangu- 
lar section. The umbilical slope is steep, somewhat rounded; 
the flanks converge slightly toward the rounded venter which 
bears a blunt solid keel. The outer whorls become rounded 
trapezoidal to ovate, with more strongly inflated and conver- 


Measurements (mm) 


Holotype, phragmocone 


Genus Planammatoceras BUCKMAN 1922 
Subgenus Psendaptetoceras Geczy 1966 


Geczy (1966) placed here the late Harpoceras-like hamma- 
toceratids of essentially the Concava-Discites Zones, for- 
merly usually classified in the subgenus Eudmetoceras (Enap- 
tetoceras) Buckman, i. e. “Harpoceras” klimakomphalum 
Vaczk, “H.” amaltheiforme Vaczek and Eudmetoceras am- 
plectens Buckman. Related species and/or subspecies are 
“H.” involutum Prinz, “H.” discus MerLA and “Oppelia“ 
moerickei Jaworskı. The more inflated “H.““ amaltheiforme 
Vaczek and E. amplectens Buckman, however, resemble Eu- 
aptetoceras enaptetum BUCKMAN, type species of Enaptetoce- 
ras Buckman, which is placed as a subgenus in Eudmetoceras 
on account of its similar juvenile stage. Because of resem- 
blance in whorl section, ornament and septal suture, Pseu- 
daptetoceras is now classified as a subgenus of Planammato- 
ceras (Westermann & Riccardi 1982). 


ging flanks and a narrower venter. The adult size is at least 
150 mm. 


The ornament of the inner whorls to 30-40 mm diameter 
consists of blunt, rather prominent nodes near the umbilical 
shoulder and rectiradiate, prominent secondaries of somwhat 
irregular coarseness. They project moderately on the ventral 
shoulder and terminate close to the keel. On the intermediate 
whorls, the umbilical nodes extend as bullae and, finally, as 
blunt primaries well onto the inner flank. They bifurcate irre- 
gularly at about ”/s whorl height, and some of the fasciculate 
bundles and/or primaries finally reach mid-flank. All whorls 
have about 2 secondaries per primary, with 10-12 primaries 
and 20-25 secondaries per '/; whorl. The slight angulation 
between secondaries and primaries and ventral projection re- 
sult in amore or less weakly marked falcoid pattern. The ven- 
tral termination of the secondaries is at this stage particularly 
close to the ventral carına which has become very blunt, and 
alternation is rather common. 


On the outer whorl and large body chamber, costae and 
keel become very robust and blunt, without disappearing en- 
tirely. 


The septal suture is moderately complicated and resembles 
that of typical hammatoceratids, with moderately long E and 
strong retraction. 

Comparison — This species is quite distinet with its ex- 
tremely coarse secondary ribbing. The inner whorls resemble 
those of P. richei Eımı (1963), and the outer come close to the 
large P. (?) cf. auerbachense (Dorn) figured by Elmi (1963, 
pl. 4, figs. 3a, b). Both compared forms are from the Murchi- 
sonae Zone of southeastern France. In the new Horn Park 
(Dorset) excavations, similar forms occur in the Bradfordia 
gigantea Zone (upper Murchisonae Zone auct.) at a similar 
level as P. obtectum, the type species (J. Callomon, pers. 
comm.). 


D H W U 
98 — 23+ 
75 33 24.2 21 

49 21 16.7 15,2: 


Planammatoceras (Psendaptetoceras) klimakomphalum 
(Vacek 1886) 
Pl. 6, figs. 24 


Material - Mostly single specimens from Portezuelo de 
Pedernales, section 16, 670308/3, Quebrada El Asiento, sec- 
tion 3, bed 12 or 13, 660707/10, and section 4, ?bed 13, 
670305/14; Quebrada EI Bolito, bed 14, 670222/13; cf. Por- 
tezuelo El Padre, locality 7, 670106/12; cf. Rio de la Sal, sec- 
tion 14, 720115/4; and cf. Quebrada El Patön, 680220/8. 


Distribution - P. malarguensis Zone, P. compressa 
(+ ?P. mendozana) Subzone. 


Description - The large shell (D > 100 mm) is strongly 
compressed discoidal, remaining very involute up to the outer 
whorl. The vertical umbilical slope has a sharp margin. The 
ribbing consists of dense primaries and projected secondaries. 
The venter is acute with a high keel. The septal suture is com- 
plex. 


Discussion - This form is a perfect match to the Mediter- 
ranean P. klıimakomphalum (lectotype refigured by We- 
stermann & Riccardi 1982, Text-fig. 4C-E) and close to the 
south Alaskan subspecies discordale West. 1969 from the 
Aalenian-Bajocian boundary of Alaska. The latter subspecies 
differs by adult rounding of the umbilical shoulder and pro- 
bably by the more acute venter. 


In section 4, Quebrada El Asiento, P. klimakomphalum is 
associated with P. tricolore West. & Rıcc. P. tricolore dif- 
fers in the wider umbilicus, the rounded umbilical margin and 
the early reduction of the primary ribs. 


Planammatoceras (Psendaptetoceras) tricolore 
WESTERMANN & Rıccarnı 1982 
Pl. 7, figs. 6-7 


1982 Planammatoceras (Psenudaptetoceras) tricolore — We- 
stermann & Riccardi, p. 26, pl. 4, figs. la—#b. 


Material -— Quebrada EI Asiento, section 4, ? bed 13, 
670305/14; Portezuelo de Pedernales, section 16, 670308/3; 
Manflas, locality 1, 670812/5a, ? locality 5, 720106/5. 


Distribution - P. malargnensis Zone. 


Remarks - This form closely resembles the species re- 
cently described from Mendoza province, Argentina (We- 
stermann & Riccardi 1982). It ıs associated with ?. klima- 
komphalum at locality 670305/14 and differs clearly in the 
smaller size, the larger umbilicus, the weaker ribbing on the 
inner flank and the rounded body chamber. 


Planammatoceras (Pseudaptetoceras?) ct. kochi (Prınz 1904) 


1972 Eudmetoceras (?) cf. kochi (Prinz 1904) — Wester- 
mann & Riccardi, p. 30, pl. 3, figs. 23. 


Material — Several fragments from bed 5 (McM. J1188) 
and “Schicht I” of collection Biese, all Manflas, locality 2. 


Distribution - P. malarguensis Zone, ?P. mendozana 
Subzone. 


Remarks — This form with smooth, ogival outer whorls 
had a hollow-floored keel as indicated by conellae and seen in 
the section. Primaries are absent beyond about 20-30 mm 
diameter and no nodes or tubercles are visible in the umbilicus 
of the cast (Westermann & Riccardi 1972, pl. 3, fig. 2a). 


Genus Eudmetoceras Buckman 1920 


Macroconchs of the type-species E. eudmetum BUCKMAN 
are now believed to include “Hammatoceras lotharingicum” 
of Jaworski (1926, non Benecke = E. eudmetum jaworsku 
WESTERMANN 1964) from Argentina and E. matisconnensis 
Eıniı 1963 from France. All come from the Aalenian-Bajocıan 
boundary, the “Eudmetum hemera” at the top of the Con- 
cava or from the (lower) Discites Zone. Other species are 
probably E. achillae (Horrmann) (cf. Eımi 1963) from the 
Discites Zone of Germany; but not “Hammatoceras” gerthi 
Jaworskı 1926 from Argentina which is now placed in Pla- 
nammatoceras S. s. because of its narrow venter and flexed 
ribbing. 

The microconchs were placed in Rhodaniceras Eımı, 
type-species “Hammatoceras”rhodanıcum C. Renz. It bears 
lappets and the broad venter has smooth bands as in the imma- 
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ture macroconch. Several species have similar distributions as 
the macroconchs (cf. Elmi 1963). 


Eudmetoceras s. s. is thus redefined as including only evo- 
lute forms with highly ornate, subrectangular or subquadratic 
immature whorls with secondaries and smooth bands or fur- 
rows beside the keel. 


Endmetoceras (Eudmetoceras) endmetum jaworskü 
WESTERMANN 1964 
Pl. 8, fig. 8 

1972 Eudmetoceras (Eudmetoceras) eudmetum jaworskü - 
Westermann & Riccardi, pl. 2, fig. 4 with earlier syno- 
nymy. 

1982 Eudmetoceras (Eudmetoceras) eudmetum jaworskü - 
Westermann & Riccardi, p. 30, pl. 1, fig. 6. 


Material -cf. Quebrada El Hueso, section 1, 670306/12; 
Quebrada El Hueso, between section I and 2, 670306/14; 
Quebrada El Bolito, bed 14, 670222/13. 


Distribution — P. malarguensis Zone, P. compressa 
and ? P. mendozana Subzones. 


Remarks — The specimens closely resemble the holotype 
from Mendoza province. 


Genus Puchenguia WESTERMANN & Rıccarnı 1972 


The shell ofthis Andean genus is compressed, with the mi- 
nute keel becoming obsolete on the body chamber. The septal 
suture is moderately complex and somewhat retracted. The 
microconch and the inner whorls of the macroconch are wi- 
dely umbilicate with shallow slope, and have flexed, irregu- 
larly branching and fascıculate ribs. The outer whorls of the 
macroconch become involute with distinct, steep umbilical 
slope, obsolete primaries and dense, gently projected secon- 
daries. 


Puchenquia (Puchenguia) malarguensis (BURCKHARDT 1903) 
Q and C’ 
Pl. 8, figs. 1-6 


1972 Puchenquia (Puchenqnia) malarguensis - Westermann 
& Riccardi, p. 39, (with earlier synonymy). 

1982 Puchenquia (Puchenguia) malarguensis - Westermann 
& Riccardi, p. 32, pl. 5, figs. 2-5. 


Material -— Quebrada El Hueso, section 1, 670306/12, 
between sections 1 and 2, 670306/14, and cf. section 2, 
670306/17; Quebrada La Chaucha, 661129/5; Quebrada El 
Bolito, bed 15, 670222/14; cf. Quebrada El Asiento, section 
5, 670307/1; and cf. Manflas, locality 3, 670810/6a. 


Distribution -P. malarguensis Zone, P. compressa and 
P. mendozana Subzones. 


Remarks — Most specimens are macroconchs, except for 
two which are microconchs (cf. “Harpoceras puchense” 
BurckH.). Both morphs are associated. 


Subgenus Gerthiceras WESTERMANN & Rıccarnı 1982 


This taxon, based on the type-species P. (G.) compressa 
WESTERMANN & Rıccarpı (1982), was originally described 
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from the “Concava-Sowerbyi Zone (bed 5)” of Manflas un- 
der “Hammatoceratidae ? gen et spp. nov. A and B” (We- 
stermann & Riccardi 1972), noting its intermediate morpho- 
logy between Hammatoceratidae and Sonniniidae as well as 
its affınity to the Andean Puchengquia. 


Most specimens described by v. Hillebrandt (1970, 1973) 
under Eudmetoceras are now placed in P. (Gerthiceras). 


Puchenquia (Gerthiceras) compressa 
WESTERMANN & RıccarDı 1982 
Pl. 8, figs. 9-11, Pl. 9, fig. 1 
1982 Puchenguia (Gerthiceras) compressa Westermann & 
Riccardi, p. 35, pl. 6, figs. 243. 


Material - Portezuelo de Pedernales, section 16, 
660710/9; Rio de la Sal, section 14, 720115/4; Quebrada EI 
Asıento, section 3, 660707/7, ?/9, 10, 12, section 4, 
670105/14, 15, and section 5, 670307/7; Quebrada El Hueso, 
section 1, 670306/9-11, and section 2, 670306/16; Quebrada 
La Chaucha, 661129/5; Quebrada El Patön, 680220/8; Que- 
brada El Bolito, bed 14, 670222/13; Manflas, locality 2, 
661202/4, and locality 5, 720106/5; Portezuelo El Padre, lo- 
cality 6, 680129/1. 


Distribution — P. malarguensis Zone, P. compressa 
(and P. mendozana) Subzone. 


Remarks - This is probably the most abundant hamma- 
toceratid of northern Chile, being easily identifiable at larger 
size by its distant prominent primaries and dense, blunt se- 
condaries with falcate flexure. There appears to be unusually 
high infraspecific variation, particularly in the septal suture 
which ranges from rather simple and straight (cf. Westermann 
& Riccardi 1972, pl. 5, figs. 2-6) to moderately complex with 
somewhat oblique and retracted umbilical lobes. Part of the 
reported simplicity, however, is due to the general corrosion 
of the Manflas specimens which probably also obscured some 
of the weak obliquity and retraction. Some small specimens 
could be microconchs. Apertures and clear indication of ma- 
turity, however, are usually missing in the small specimen. 


Puchenqunia (Gerthiceras) mendozana mendozana 
WESTERMANN & Rıccarnı 1982 
Pl. 9, figs. 2-5 
1973 Sonninia (Euhoploceras) sp. — Hillebrandt, tab. 1. 
1982 Puchenquia? (Gerthiceras?) mendozana Westermann 
& Riccardi, p. 36, pl. 6, figs. la-d. 


Measurements (mm) 


Holotype, phragmocone 


FAMILY ERYCITIDAE SparH 1928 
SUBFAMILY PODAGROSICERATINAE WESTERMANN & 
Rıccarpı 1972 
Genus Podagrosiceras MAUBEUGE & LAMBERT 1955 


The taxonomy of this subfamily and genus has recently 
been discussed at length (Westermann & Riccardi 1979). 
There is marked resemblance to Abbasitoides Geczy (? sub- 
genus of Abbasites Buckman), which, however, differs in the 


Material — Single incomplete specimens from Quebrada 
El Asiento, section 3, bed 13, 660707/9, and section 4, bed 13, 
670305/16; Quebrada El Bolito, bed 15, 670222/14; ? Que- 
brada Caballo Muerto, 670304/4; Manflas, bed 5 (McM. 
Jl1s8). 


Distribution — P. malarguensis Zone, P. mendozana 
Subzone. 


Remarks — The bullae are extremely prominent and few, 
i. e. 5 to 6 per half-whorl. The new subspecies from the 
P. compressa Subzone, P. (G.) mendozana spinosa, is distin- 
guished by the somewhat more numerous lateral spines, 8 or 9 
per half-whorl. 


Puchenguia (Gerthiceras) mendozana spinosa 
WESTERMANN n. SSp. 
BI.29,figs. 67, P1.210, fig.1 


Holotype -— The septate specimen B.St.M. 1983V164 
from bed 14 (670222/13) of Quebrada EI Bolito, P. com- 
pressa Subzone. 


Diagnosis - An early, somewhat more densely spinose 
chrono-subspecies (transient) of P. mendozana with 8 or 9 
spines per half-whorl. 


Derivatio nominis — Referring to the spines. 


Other Material - Single incomplete cf.-specimens from 
Quebrada EI Asiento, section 4, 670304/14; Quebrada El 
Hueso, between section I and 2, 670306/14, section 2, 
670306/16; and Portezuelo El Padre, 670106/12. 


Distribution — P. malarguensis Zone, P. compressa 
Subzone. 

Remarks - This form is morphologically intermediate 
between P. compressa and P. mendozana, with compres- 
sed-ovate whorls and 8-9 primaries per half-whorl bearing 
prominent mid-lateral nodes at mid-flank; there are about 35 
secondaries per half-whorl. There is, however, no morpholo- 
gical intergradation to either the associated P. compressa nor 
to the later P. mendozana s. s. In sample 670222/13, the as- 
sociated P. compressa is clearly distinet by the finerornamen- 
tation of the inner whorls. P. mendozana s. s., from the su- 
perjacent subzone, is even more “coronate”, with only 5 or 6 
lateral spines per half-whorl. This new subspecies also con- 
firms that P. mendozana is an extreme Puchenquia, not a 
Bredyia (or Pseudammatoceras, cf. Westermann & Riccardı 
1982, p. 37). 


septal suture, smaller size and in the absence of asmooth body 
chamber. 


Podagrosiceras athleticum MAUBEUGE & LAMBERT 1955 O’ 
1979 Podagrosiceras athleticum — Westermann & Riccardi, 


p- 116 (with earlier synonymy). 


Material - Single specimens from Quebrada El Asiento, 
section 3, bed 10, 670305/23, and between sections 3 and 4, 


bed 10, 670306/2; Quebrada El Hueso, ? section 1, 670306/8, 
between sections 1 and 2, 670306/13; ? Quebrada El Bolito, 
bed 12, 670222/11. 


Distribution - Z. groeberi Zone. 


Remarks — These microconchs can easily be identified 
specifically since the holotype from Neuqu£n province, Ar- 
gentina, is of the same morph. 


Podagrosiceras aff. athleticum, 7 
Pl. 10, fig. 5 


Material — Single large specimens with body chamber 
from Quebrada El Hueso, between sections 1 and 2, 
670306/14; and Quebrada La Chaucha, 661129/5. 


Distribution — P. malarguensis Zone, P. compressa 
Subzone. 


Description — The macroconchs of approximately 
120 mm complete diameter have evolute whorls with com- 
pressed elliptical, somewhat ovate whorl section; the umbili- 
cal slope ıs gentle. The distant blunt primaries are adorally 
concave, divide and fasciculate just below mid-flank into ra- 
dial, terminally slightly projected secondaries, three per pri- 
mary. The costae alternate mid-ventrally in the absence of any 
keel or carina, at least on the ultimate whorl (including body 
chamber). The septal suture ıs simple with radial envelope. 


Comparison - P. athleticum © is most similar in its in- 
ner whorls but become smooth on the body chamber. 


Podagrosiceras manbeugei \WESTERMANN & Rıccarnı 1979, © 
Pl. 10, figs. 24 
1970 Abbasites sp. - Hillebrandt, p. 186. 
1973 Abbasites sp. — Hillebrandt, p. 22. 
1979 Podagrosiceras manbeugei — Westermann & Riccardi, 
p- 117, pl. 1, figs. 145. 


Material — Mostly single specimens from Quebrada El 
Asiento, section 4, bed 15, 670305/16, and section 5, bed 15, 
670305/3; Quebrada Caballo Muerto, 670304/3; Portezuelo 
El Padre, locality 7, 670106/11, 670306/12. 


Distribution — P. malarguensis Zone, P. maubenugei 
zonule/horizon. 


Remarks — The inner whorls are evolute with depressed 
ovate sections. The outer whorls become subcircular. The or- 
nament consists of strongly prorsiradiate primaries and dense 
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projected secondaries which are interrupted and alternate at 
mid-venter. The body chamber becomes smooth. The septal 
suture has the deep E and the subequal internal saddles of the 
bullate septum. 


? SUBFAMILY PODAGROSICERATINAE OR 
FAMILY SONNINIIDAE 
Genus Zurcheria DouviL£ 1885 


For the taxonomy of Zurcheria see Westermann & Ric- 
cardı (1972, p. 93; 1979, p. 115). The smooth ventral band 
and the small external lobe suggest its derivation from Eryci- 
tidae, rather than from Hammatoceratidae. 


In the former case, Zurcheria should be classified in the 
Podagrosiceratinae (?), rather than in the Sonniniidae as gene- 
rally assumed to be correct. The early age of the Andean re- 
presentatives, i. e. Z. groeberi Zone ofthe Middle Aalenian, 
furthermore supports the first alternative. 


Zurcheria groeberi WESTERMANN & Rıccarnı 1972 
Pl. 10, fig. 6 


1972 Zurcheria groeberiı Westermann & Riccardi, p. 94, 
pl. 31, figs. 1-5. 

Material - Mostly single specimens from Quebrada El 
Asiento, section 3, bed 10, 660707/10, and between sections 3 
and 4, bed 10, 670306/2; Quebrada El Hueso, between sec- 
tions 1 and 2, 670306/13, and section 2, 670306/16. 


Distribution - Z. groeberi Zone (+? P. compressa 
Subzone). 


Remarks — The very involute immature whorls and the 
broader ventral smooth band permit easy distinction from 
Podagrosiceras which is sometimes associated with it. 


Zurcheria sp. indet. 


Material - Single poorly preserved specimens from Que- 
brada El Asıento, section 4, bed 10, 670305/14; Quebrada El 
Hueso, section 1, 670306/8; Manflas, locality 3, 670810/6, 
and ? locality 1, 670812/5. 


Distribution - (?B. manflasensis Zone and) Z. groeberi 
Zone. 


RERERENGES 


ARKELL, W. J., KUMMEL, B. & WRIGHT, C. W. (1957): Mesozoic 
Ammonoidea. — In: R. C. MOORE, ed., Treatise on Inverte- 
brate paleontology, part L, L80-L465, Geol. Soc. Amer. and 
Univ. Kansas Press. 

BAEZA, A. L. (1979): Distribuciön de facies sedimentarias marinas en 
el Juräsico de Cerritos Bayos y zonas adyacentes, norte de 
Chile, — I. Congr. Geol. Chileno, Actas, 3, H45-H61, 4 
figs., Santiago de Chile. 


BIEsE, W. A. (1957): Der Jura von Cerritos Bayos — Calama, Repu- 
blica de Chile, Province Antofagasta. Geol. Jb. 72:439—494, 6 
figs., pls. 22-27. 

— — (1961): El Juräsico de Cerritos Bayos. - Inst. Geol. Publ. 19, 
60 pp., 6 figs., pls. 22-27, Santiago de Chile. 


BUCKMAN, $. S. (1887-1907): Monograph of the ammonites of the 
Inferior Oolite Series (+ Supplement). — Paleontogr. Soc., 
p- I-CCIXII + 1456, pl. 1-103 + -XXIV. 

BURCKHARDT, C. (1900): Profils geologiques transversaux de la Cor- 
dillere Argentino-Chilienne. — Museo La Plata, Sec. Geol. 
Miner. An. II: 1-136, pls. 1-32. La Plata. 

— — (1903): Beiträge zur Kenntnis der Jura- und Kreideformation 
der Cordillere. —- Palaeontographica, 50: 1-144, pls. -XVI. 

Donovan, D. T. & FORSEY, G. F. (1973): Systematics of Lower 
Liassic Ammonitina. — Univ. Kansas Paleont. Contr., 64, 
Tr. 

ELMI, S. (1963): Les Hammatoceratinae (Ammonitina) des le Dogger 
inferieur du Bassin Rhodanien. - Trav. Lab. Geol. Lyon, N. 
S., 10, 1-144, pl. 1-11. 


34 


GaRCIA, F. (1967): Geologia del Norte Grande de Chile. - Soc. Geol. 
Chile, Symp. Geos. And. 1962, 3, 138 pp., 28 figs., 1 tab., 
Santiago de Chile. 

GERTH, E. (1925): Estratigrafia y distribuciön de los sedimentos Me- 
sozoicos en los Andes Argentinos. —- Actas Acad. Nac. Ciens. 
Cordoba, IX: 9-55, pls. -XVI1l. 

GOTTSCHE, C. (1878): Über Jurassische Versteinerungen aus der Ar- 
gentinischen Cordillere. - Palaeontographica, Suppl. 3, Lfg. 
2, Abt. 3: 1-50, pls. 1-8. [Spanish Transl.: Actas Acad. Nac. 
Ciens. Cordoba, 1925, VIII: 231-296, pls. I-I1]. 

GROEBER, P. (1918): Estratigrafia del Dogger en la Repüblica Argen- 
tina. - Dir. Gen. Miner. Geol. Hidrol., Bol. 18, Ser. B 
(Geol.): 1-81, 5 pls. Buenos Aires. 

GROEBER, P., STIPANICIC, P. & MINGRAMM, A. (1953): Juräsico. — 
In: Geografia de la Repüblica Argentina, T. II: Mesozoico, 
pp- 143-347, 28 figs., pls. XVI-XXIX. 

Gux, P. J. (1975): Description biostratigraphique du Toarcien Su- 
perieur de la bordure sud des Causses (France). - Eclogae geol. 
Helv., 68, 97-129, pl. 1-10. 

HILLEBRANDT, A. v. (1970): Zur Biostratigraphie und Ammoniten- 
Fauna des südamerikanischen Jura (insbes. Chile). - N. Jb. 
Geol. Paläont., Abh., 136, 166-211. 

— — (1971): Der Jura in der chilenisch-argentinischen Hochkordil- 
lere (25° bis 32°30’ S.).- Münstersche Forsch. Geol. Paläont., 
20/21, 63-87, 5 fıgs. 

— — (1973): Neue Ergebnisse über den Jura von Chile und Argen- 
tinien. — Münstersche Forsch. Geol. Paläont., 31/32, 
167-199. 

— — (1973 b): Die Ammoniten-Gattungen Bosleiceras und Fre- 
chiella im Jura von Chile und Argentinien. — Eclogae geol. 
Helv., 66/2, 351-363, 1 fig., 3 pls. 

— — (1977): Ammoniten aus dem Bajocien (Jura) von Chile (Süd- 
amerika); neue Arten der Gattungen Stephanoceras und Do- 
meykoceras n. gen. (Stephanoceratidae). — Mitt. Bayer. 
Staatsslg. Paläont. Hist. Geol., 17, 35-69, Taf. 2-6. 

— — (1981): Faunas de amonites del Liasico inferior y medio (Hett- 
angiano hasta Pliensbachiano) de America del Sur (excluyendo 
Argentina). — In: Cuencas sedimentarias del Juräsico y Cretä- 
cıico de America del Sur, 2, 499-538, 10 pls. 

— — (in press): Liassic ammonite zones of South America and cor- 
relations with other provinces — Description of new genera 
and species of ammonites. — 14 pls., Buenos Aires. 

HILLEBRANDT, A. V. & SCHMIDT-EFFING, R. (1981): Ammoniten aus 
dem Toarcium (Jura) von Chile (Südamerika). — Die Arten der 
Gattungen Dactylioceras, Nodicoeloceras, Peronoceras und 
Collına. — Zitteliana, 6, 3-74, pl. 1-8. 

Jaworskı, E. (1913-15): Beiträge zur Kenntnis des Jura inSüd-Ame- 
rika, Teil I. - N. Jb. Miner. Geol. Paläont., XXXVII: 
285-342. XL: 364456, pls. V-VIII. 

— — (1925): Contribuciön a la Paleontologia del Juräsico Sudame- 
ricano. - Dir. Gen. Miner. Geol. Hidrol., (Secc. Geol.), 4: 
1-160, pls. I-IV. Buenos Aires [in part translation from 
Jawoßskı 1915]. 

— — (1926): Lias und Dogger. - In: JAWORSKI, E., KRANTZ, F. & 
GERTH, H., Beiträge zur Paläontologie und Stratigraphie des 
Lias, Doggers, Tithons und der Unterkreide in den Kordille- 
ren im Süden der Provinz Mendoza. Teil T. - Geol. Rund- 
schau Sonderband (Steinmann Festschr.), 373-427, pl. 10-13. 

KOMALARJUM, P. & SATO, T. (1964): Aalenıan (Jurassic) ammonoids 
from Mae Sot, northwestern Thailand. - In: KOBAYASHI, T., 
ed., Contributions to the geology and paleontology of south- 
east Asia. - XIV. Jap. J. Geol. Geog., 35, 149-161, pl. 6. 

MPropozis, A., RIVANO, $. & VICENTE, J. C. (1983): Resultados pre- 
liminares del estudio geolögica de la alta Cordillera de Ovalle 
entre los Rios Grande y los Molles (Prov. de Coquimbo, Chi- 
le). - Actas V. Congr. Geol. Argent., Tomo IV, 117-132, 
3 fıgs. 

ÖECHSLE, E. (1958): Stratigraphie und Ammonitenfauna der Sonni- 
nien-Schichten des Filsgebietes unter besonderer Berücksich- 
tigung der Sowerbyi-Zone (Mittlerer Dogger, Württemberg). 
— Palaeontographica, A, 111, 47-129, pl. 10-20. 


RIEBER, H. (1963): Ammoniten und Stratigraphie des Braunjura ß der 
Schwäbischen Alb. — Palaeontographica, A, 122, 1-89, 
pl. 1-8. 

SAPUNOV, I. G. (1970): The ammonite genus Cylicoceras S. BUCK- 
MAN, 1889 (Aalenian, Middle Jurassic). — Bulg. Acad. Sci. 
Com. Geol., XIX, 65-70, pl. I, II. 

SCHINDEWOLF, OÖ. H. (1961): Die Ammoniten-Gattung Cymbites 
im deutschen Lias. — Palaeontographica, A, 117, 193-232, 
pl. 29-31. 

SENIOR, J. R. (1977): The Jurassic ammonite Bredyia BUCKMAN. — 
Palaeontology, 20, 675-693, pl. 81-84. 

SMITH, P. L. (1964-1969): The ammonite fauna of the Kialagwik 
Formation at Wide Bay, Alaska Peninsula. Part I (1964): Lo- 
wer Bajocıan (Aalenian). — Bull. Amer. Paleont., 47 (216), 
325-503, pl. 44-76. Part II (1969): Sonninia sowerbyi Zone 
(Bajocian). - Ibid. 57 (255), 1-226, pl. 1-47. 

— — (1967): Sucesiön de amonites del Juräsico Medio en Antofa- 
gasta, Atacama, Mendoza y Neuquen. — Rev. Assoc. Geol. 
Argent., 22, 65-73. 

— — (1975): Edad y taxonomia del genero Podagrosiceras Mau- 
beuge et Lambert (Ammonitina, Jurässico Medio). — Ame- 
ghiniana, XlI: 242-252. 

— — (1981): Ammonite biochronology and biogeography of the 
circum — Pacific Middle Jurassic. - In: HOUSE, M. R. & SE- 
NIOR, J. R., eds., The Ammonoidea. - Syst. Ass. Spec. Vol., 
No. 18, 459-498 (preprint 1980). 

— — (1983): The Pliensbachian ammonıte Dayıceras dayıcerordes 
and Early Jurassic paleogeography. - Canadian Journal of 
Earth Sciences, Vol. 20, No. 1, 86-91. 

STEINMANN, G. (1929): Geologie von Peru. -pp -XII + 448, 9 pls., 
271 text-figs., 1 map. Heidelberg. 

TORNQUIST, A. (1898): Der Dogger am Espinazito-Paß. — Palaeont. 
Abh. N.F, Bd. VII, 2: 3(135)-6%201), pls. 
IXIV-X(XXI). 

VOLKHEIMER, W. (1973): Palinologia estratigräfica del Juräsico de la 
Sierra de Chacai-cö y adyacencias (Cuenca Neuquina, Repü- 
blica Argentina), I. Estratigrafia de las formaciones Sierra 
Chacai-co (Plienbaquiano), Cura Niyeu (Bayociano) y Lajas 
(Caloviano inferior). - Ameghiniana, 10: 105-131. 

WEAVER, C. (1931): Paleontology of the Jurassic and Cretaceous of 
West Central Argentina. — Univ. Washington, Mem., I: 
I-XV, 1469, pls. 1-62. Seattle. 

WESTERMANN, G. E. G. (1956): Phylogenie der Stephanocerataceae 
und Perisphinctaceae des Dogger. - N. Jb. Geol. Paläont., 
Abh., 103: 233-279. 

— — (1964): The Ammonite Fauna of the Kialagvik Formation at 
Wide Bay, Alaska Peninsula. — Part I. Lower Bajocian (Aale- 
nıan). — Bull. Amer. Paleont., 47, 216, 325-503, 37 text-figs., 
pls. 44-76. 

— — (1981): Ammonite Biochronology and Biogeography of the 
Circum-Pacific Middle Jurassic. —- In: HOUSE, M. R. & SE- 
NIOR, J. R., The Ammonoidea. - Syst. Assoc. Sp. Vol., 18, 
459-498, 16 figs., 1 tab. 

WESTERMANN, G. E. G. & RICCARDI, A. C. (1972-1979): Middle Ju- 
rassic ammonoid fauna and biochronology of the Argenti- 
ne-Chilean Andes. Part 1 (1972): Hildocerataceae. — Palaeon- 
tographica, A, 140, 1-116, pl. 1-31. Part II (1979): Bajocian 
Stephanocerataceae. — Ibid., 164, 85-188, pl. 1-28. 

— — (1975): Edad y taxonomia del genero Podagrosiceras Mau- 
beuge et Lampert (Ammonitina, Juräsico medio). - Ameg- 
hiniana, Rev. Asoc. Paleont. Argent., Tomo VI, 3, 242-252, 
2 figs., 1 pl. 

— — (1982): Ammonoid fauna from the early Middle Jurassic of 
Mendoza province, Argentina. — J. Paleont., 56, 11-41, 
pl. 1-6. 

WESTERMANN, G. E. G., RICCARDI, A. C., PALACIOS, O. and RAN- 
GEL, ©. (1980): Jurasico Medio en el Peru. - Inst. Geol. Min. 
Metal. Bol. 9, 147. 


PISSEES 


Figs. 
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Plate 1 


Sphaerocoeloceras brochüforme JAWORSKI; all loc. 1 at Manflas (670812/5); nat size. 
Complete internal mould; B. St. M. 1983VI1; lateral view. 

Almost complete internal mould; B. St. M. 1983 V12; a: lateral and b: ventral views. 
Almost complete internal mould; B. St. M. 1983 V13; a: lateral and b: ventral views. 


Tmetoceras cf. flexicostatum WESTERMANN; damaged internal mould; Quebrada El 
Asiento, section 4, bed 14 (670305/16); B. St. M. 1983VI4; lateral view, nat. size. 


Leioceras comptum chilense WESTERMANN n. ssp.; nat. size. 


Holotype; septate internal mould with shell remains; loc. 4 at Manflas (720104/6); 
B. St. M. 1983VI5; a: lateral and b: ventral views. 

Leioceras comptum cf. chilense WESTERMANN n. ssp.; internal mould of inner whorls; 
Arroyo Overas (790223/5); B. St. M. 1983VI8; lateral view. 


Leioceratinae n. gen. et n. sp. A; fully septate internal mould; loc. 4 at Manflas 
(720104/6); B. St. M. 1983VI7; a: lateral and b: ventral views; nat. sıze. 


Fontannesia ? austroamericana JAWORSKI; almost complete internal mould; 
Quebrada El Asiento, section 8 (670307/11); B. St. M. 1983V19; lateral view; nat. 


size. 
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Plate 2 


?Graphoceratidae, (?) n. gen. et n. sp. A [aff. Ludwigia crassa HORN]; septate 
internal mould; loc. 5 at Manflas (720106/5); B. St. M. 1983V110; a: lateral and b: 
ventral views; nat. sıze. 


Bredyia manflasensis WESTERMANN n. sp.; all loc. 4 at Manflas (720104/6 + 6a); 
nat. size. 


Holotype, septate internal mould with shell remains; B. St. M. 1983VI11; a: lateral 
and b: ventral and sectional views. 
Inner whorls; B. St. M. 1983V112; nat. sıze. 


Inner whorls; B. St. M. 1983VI13; a: lateral and b: ventral views. 
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Plate 3 


Bredyia manflasensis WESTERMANN n. sp. ? ; nat. size. 


Septate internal mould of involute variant; loc. 4 at Manflas (720104/6a); B. St. M. 
1983VI14; a: lateral and b: ventral views. 

Internal mould of inner whorl; loc. 1 at Manflas (670812/5); B. St. M. 1983VI15; 
a: lateral and b: ventral views. 


Septate internal mould with shell remains of varıant with rursiradiate ribs; loc. 1 
at Manflas (670812/5); B. St. M. 1983VI16; a: lateral and b: ventral views. 
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Plate 4 


Bredyia cf. manflasensis n. sp., d (? 2 juv.); small specimens with incomplete body 
chambers; nat. size. 


Largely with shell; Arroyo Overas (790223/5); B. St. M. 1983 V117; lateral view. 


Internal mould with shell remains; Quebrada La Chaucha (661129/4); B. St. M. 
1983 V118; lateral view. 


Internal mould with shell remains; loc. I at Manflas (670812/5); B. St. M. 1983V119; 
lateral view. 


Internal mould; loc. 1 at Manflas (670812/5); B. St. M. 1983V128; lateral view. 


Bredyia manflasensis WESTERMANN n. sp., 9; fully septate internal mould; loc. 4 at 
Cerro Puchenque; no. McMaster ] 1759; lateral view; X0.9. 

Bredyia manflasensis WESTERMANN n. sp., ?d;; internal mould with shell remains, 
%/, of last whorl body chamber; loc. 4 at Manflas (720104/6a); B. St. M. 1983V125; 


lateral view; nat. size. 
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Bredyia delicata WESTERMANN n. sp.; nat. size. 


Holotype, septate internal mould with shell remains; loc. 1 at Manflas (670812/5); 
B. St. M. 1983V129; a: lateral and b: ventral views. 


B. delicata?; internal mould of inner whorls; Quebrada La Chaucha (661129/4); 
B. St. M. 1983V130; a: lateral and b: ventral views. 


Evolute var. of B. delicata?; internal mould with shell remains; loc. 4 at Manflas 
(720104/6a); B. St. M. 1983 V131; lateral view. 


Septate internal mould; loc. 1 at Manflas (670812/5); B. St. M. 1982V132; a: lateral 
and b: ventral views. 
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Plate 6 


? Bredyia delicata WESTERMANN n. sp.; internal mould with shell remains of gigantic 
phragmocone; loc. 4 at Manflas (720104/6a); B. St. M. 1983V133; a: lateral and b: 


sectional views; X0.5. 

Planammatoceras (Pseudaptetoceras) klimakomphalum (VACER); lateral views of 
internal moulds; nat. size. 

Septate whorls; Quebrada EI Asiento, section 4, ? bed 13 (670305/14); B. St. M. 
1983V143; lateral view. 

Septate whorls; Quebrada EI Asiento, section 3, bed 12 or 13 (660707/10); B. St. M. 
1983VI44; lateral view. 

P. cf. klimakomphalum; complete, damaged specimen; Portezuelo de Pedernales, 
section 16 (670308/3); B. St. M. 1983 V145; lateral view. 
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Plate 7 


Parammatoceras jenseni WESTERMANN n. sp.; all internal moulds; nat. size. 
Holotype, phragmocone; Quebrada El Asiento; bed 10 (670305/14); B. St. M. 
1983VI38; a: lateral and b: ventral views. 

Septate whorls; Quebrada El Hueso, between sections 1 and 2, bed 10 (670306/ 13); 
B. St. M. 1983V139; lateral view. 

Septate whorls; Quebrada EI Asiento, section 3, bed 10 (670305/23); B. St. M. 
1983VI41; a: lateral and b: ventral views. ; 

Inner whorls; Quebrada El Hueso, between sections 1 and 2, bed 10 (670306/13); 
B. St. M. 1983VI40; lateral view. 

Septate internal mould with part of body chamber; loc. 4 at Manflas (720104/7); 
B. St. M. 1983V142; lateral view. 

Planammatoceras (Psendammatoceras) tricolore WESTERMANN & RICCARDI; internal 
moulds; nat. size. 

Septate whorls; loc. 1 at Manflas (670812/5a); B. St. M. 1983 V146; lateral view. 


Septate whorls; Quebrada EI Asiento, section 4, ? bed 13 (670305/14); B. St. M. 
1983V147; lateral view. 
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Plate 8 


Puchenquia malarguensis (BURCKHARDT) ® (+ 6). 

Internal moulds; Quebrada El Bolito, bed 15 (670222/ 14); lateral views; nat. size. 
Almost complete macroconch; B. St. M. 1983 V149. 

Damaged almost complete macroconch; B. St. M. 1983V150. 

Damaged almost complete macroconch, coarsely ribbed variant; B. St. M. 1983VI51. 


Almost complete microconch; B. St. M. 1983V152. 

Almost complete macroconch; B. St. M. 1983 V153. 

Internal mould of microconch; Quebrada La Chaucha (661129/5); B. St. M. 
1983 V154; lateral view; nat. size. 

Puchenguia sp.; septate internal mould; loc. 3 at Manflas (670810/6a); B. St. M. 
1983V155; lateral view; nat. size. 

Eudmetoceras eudmetum jaworskii WESTERMANN; fully septate internal mould; 
Quebrada El Bolito, bed 14 (670222/ 13); B. St. M. 1983V148; lateral view; nat. size. 
Puchenquia (Gerthiceras) compressa WESTERMANN & RICCARDI; internal moulds; 
lateral views; nat. size. 

Macroconch with Y; whorl body chamber; Quebrada El Bolito, bed 14 (670222/13); 
B. St. M. 1983 V156. 

Septate specimen with exposed inner whorls; loc. 5 at Manflas (720106/5); B. St. M. 
1983V157. 


Septate whorls; loc. 5 at Manflas (720106/5); B. St. M. 1983 VI58. 
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Puchenquia (Gerthiceras) compressa WESTERMANN & RICCARDI, 9; internal mould 
with almost complete body chamber; Quebrada EI Asıento, section 5 (670307/7); 
B. St. M. 1983 V159; a: lateral and b: ventral views; nat. size. 

Puchenquia (Gerthiceras) mendozana mendozana WESTERMANN & RICCARDI; 
internal moulds; lateral views; nat. sıze. 

Macroconch, part of body chamber; Quebrada EI Asiento, section 3 (660707/9); 
B. St. M. 1983 V160. 

P. mendozana?; septate fragments; Quebrada EI Asiento, section 3 (660707/9); 
B. St. M. 1983 V161, 62. 

Phragmocone of macroconch; Quebrada EI Bolito, bed 15 (670222/14); B. St. M. 
1983 V163. 

Puchenquia (Gerthiceras) mendozana spinosa WESTERMANN n. ssp., 9; internal 
moulds; lateral views; nat. sıze. 

Holotype, fully septate; Quebrada EI Bolito, bed 14 (670222/13); B. St. M. 
1983 V 164. 


Almost complete, damaged specimen; Quebrada El Hueso, section 2 (670306/ 16); 
B. St. M. 1983V165. 
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Puchenquia (Gerthiceras) mendozana spinosa WESTERMANN n. ssp., 9; almost 
complete, damaged internal mould; Quebrada El Hueso, between sections 1 and 2 
(670306/ 14); B. St. M. 1983 V166; a: lateral and b: ventral views; nat. size. 


Podagrosiceras manbeugei WESTERMANN & RICCARDI, 9 ;internal moulds; nat. size. 
Septate whorls; Quebrada Caballo Muerto (670304/3); B. St. M. 1983V167; a: 
lateral and b: ventral views. 

Septate whorls; Quebrada EI Asiento, section 4, bed 15 (670305/16); B. St. M. 
1983VI68; a: lateral and b: ventral views. 

Almost complete macroconch; Portezuelo EI Padre, locality 7 (670106/12); 
B. St. M. 1983 V169. 


Podagrosiceras aff. athleticum MAUBEUGE & LAMBERT, 9 ; almost complete internal 
mould; Quebrada El Hueso, between sections 1 and 2 (670306/14); B. St. M. 
1983V170; lateral view; nat. sıze. 

Zurcheria groeberi WESTERMANN & RICCARDI; probably complete internal mould; 
Quebrada El Hueso, section 2 (670306/ 16); B. St. M. 1983V171; lateral view; nat. 


size. 
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Ammoniten aus der unteren Dalichy-Formation 
(oberes Bajocium bis unteres Bathonium) 
der Umgebung von Abe-Garm (Avaj, NW-Zentraliran) 


Von 


KAZEM SEYED-EMAMI, GERHARD SCHAIRER & MOHAMMAD Hossein BOLOURCHI”) 


Mit 3 Abbildungen, 1 Tabelle und 5 Tafeln 


KURZEASSUNG 


Aus der Dalichy-Formation bei Abe-Garm (NW-Zentral- 
iran) werden zum ersten Mal eine größere Anzahl von Am- 
moniten des oberen Bajocıum bis unteren Bathonıum be- 
schrieben. Die Fauna umfaßt 18 Gattungen und 42 Arten, 
darunter eine neue Art: Morphoceras dehmi Sevep-Emamı 


n. sp. Die Ammoniten-Fauna zeigt enge Beziehungen zu 
Mittel- und Nordwesteuropa, aber auch gewisse Tendenzen 
zum mediterranen Bereich. So ist eine vergleichbare Zonie- 
rung des erfaßten Zeitabschnittes möglich. 


IIBSPIERUNGT: 


For the first time Upper Bajocıan and Lower Bathonian 
ammonites are described from the Dalichy Formation in the 
Abe-Garm area (NW Central Iran). These comprise 18 genera 
and 42 species, with one new species: Morphoceras dehmi 


Sevep-Emamin. sp. The fauna shows close affınity to Middle 
and NW Europe, and some relations to mediterranean region. 
So a similar zonation is possible. 


INHALT 
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EINBETTUNG 


Die Dalichy-Formation ist eine Folge von grauen Kalken 
und Mergeln, die eine Mächtigkeit bis zu 100 m erreicht. 
Diese Formation ist im Nordiran (Zentralelburs) wohl ausge- 


*) Prof. Dr. K. SEYED-EMAMI, University of Tehran, Faculty of En- 
gineering, P. ©. Box 1558; Dr. G. SCHAIRER, Bayerische Staats- 
sammlung für Paläontologie und historische Geologie, Ri- 
chard-Wagner-Straße 10, 8000 München 2; Dr. M. H. BOLOUR- 
CHI, Geological Survey of Iran, P. ©. Box 1964, Tehran. 


bildet und tritt außerdem im nordwestlichen Zentraliran in 
dem Gebirgszug auf, der von Avaj über die Soltanieh-Gebirge 
bis nach Maragheh (S Täbris) zieht (Abb. 1). Gewöhnlich 
entwickelt sich diese Schichtfolge kontinuierlich aus den Ton- 
schiefern und Mergeln der Shemshak-Formation (obere Trias 
bis unterer Dogger) und geht nach oben wieder kontinuierlich 
in die hellen, Gipfel-bildenden Kalke der Lar-Formation 
(Malm) über. 
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Abb. I: Verbreitung der Dalichy-Formation in Iran (* = Avay). 


Die Dalichy-Formation enthält eine mehr oder minder rei- 
che Ammonitenfauna vom oberen Bajocıum bis einschließ- 
lich Callovium. Die Ammoniten treten häufig in kondensier- 
ten Lagen auf und gehören vielfach dem unteren und mittle- 


ren Callovium an. Ammonitenfaunen des oberen Bajocıum 
und unteren Bathonıum sind seltener. Das Vorkommen bei 
Abe-Garm enthält eines der vollständigsten Profile, zumin- 
dest was Oberbajocium und Unterbathonium betrifft. 


DIE DALICHY-FORMATION BEI ABE-GARM 


Das Gebiet von Abe-Garm (ca. 25 km N von Avaj) wurde 
ım Rahmen einer Dissertation von BorourchHi (1977, 1979) 
näher untersucht, worin folgende von SEYED-EMmAMi proviso- 
risch bestimmte Ammoniten angeführt werden: Oxycerites 
cf. fallax (GUERANGER), Oxycerites sp., Oecotraustes (Oeco- 
traustes) cf. genicularis (WAAGEN), Oec. bradleyi ARrKELL, 
Garantiana sp., Parkinsonia arietis WETZEL, Morphoceras 
multiforme Arktıı, M. parvum WETZEL, M. macrescens 
(Buckman), Ebrayiceras psendoanceps (EBrAY), E. jactatum 
Buckman, E. ftlicostatum WETZEL, Polysphinctes polysphinc- 
tus BUCKMAN, Bigotites cf. petri NıcoLzsco, B. tubercnlatus 
NıcoL£sco, Leptosphinctes cf. leptus Buckman, Procerozig- 
zag sp., Siemiradzkia (Siemiradzkia) aurigera (OpreL), Ca- 
domites sp. 


Die in dieser Arbeit beschriebenen Ammoniten wurden 
etwa 4 km südwestlich des Dorfes Sagiznab (8 km E von 


Abe-Garm, Abb. 2) aufgesammelt. Folgendes Profil konnte 
an dieser Stelle aufgenommen werden (Abb. 3): 


Hangendes: Dunkelgraue, dichte, Hornstein-führende 

Kalke der Lar-Formation 

4: ca. 20 m rötlich-grüne Knollenkalke mit vielen Ammoni- 
ten: Choffatia spp., Reineckeia spp., u. a. 

3: ca. 25 m hellgraue Mergel mit einzelnen kalkigen Bänken 

2: ca. 30 m Wechselfolge von grauen, mergeligen Kalken 
und Mergeln mit häufigen Ammoniten: Mor- 
phoceras spp., Ebrayiceras spp., u. a. 

l: ca. 20 m grau-gelbe Mergel mit einzelnen Ammoniten: 
Parkinsonia, Polyplectites, u. a. 


Liegendes: dunkelgraue, siltige Mergel und Tonschiefer 
der Shemshak-Formation 


ee] Alluvium 

m CZ, Lar Formation —_ Hauptstraße 
Tertiär (ungegliedert) % Dalichy Formation —— Nebenstraße 

FT Kreide (ungegliedert) 


Shemshak Formation == Verwerfung 


Abb. 2: Geologische Übersichtskarte des Abe-Garm-Gebietes. 
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Abb. 3: Profil durch die Dalichy-Formation SW von Sakiznab. 
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ÜBERSICHT ÜBER DIE VORKOMMEN VON OBERBAJOCIUM/ 
UNTERBATHONIUM-AMMONITENINIRAN 


NORDIRAN 


Erstmals wurde über Ammoniten des oberen Bajocıum und 
unteren Bathonium von Ernı (1931) aus einer Folge von Mer- 
geln und Kalken an der Firuzkuh-Straße (Pole-Ferdowsi, ca. 
107 km E von Tehran) berichtet. Folgende Ammoniten wur- 
den bestimmt: ‚‚Parkinsonia radıata Renz, Parkınsonia 
spec. div., Normannites (= Polyplectites) linguiferus ORs., 
Coeloceras (= Cadomites) extinctum ROLLIER, Perisphinctes 
spec. div., Morphoceras polymorphum Oss., Morphoceras 
(= Dimorphinites) dimorphum Ose., Phylloceras spec. dıv., 
Oppellia (= Oecotraustes) cf. intermedia RoEMER, Oppelia 
(= Oecotraustes) fusca Qu., Oppelia (= Oxycerites) aspidoi- 
des Orpr., Oecotraustes spec., Nannolytoceras pygmaeum 
Org.“ Diese Stelle wurde später von STEIGER (1966) als Ty- 
pus-Profil der Dalichy-Formation ausgewählt. 


Rıvızre (1934) beschreibt von verschiedenen Lokalitäten im 
Zentralelburs folgende Ammoniten (Gattungsnamen nach 
ASSERETO etal. 1968 korrigiert): Oppelia subradiata SOwERBY, 
Oppelia (Oxycerites) aspidoides Oprzı, Oecotraustes (Oeco- 
traustes) genicularis WaAGEn, Oecotraustes aff. notabilis 
(ROEMER), Cadomites rectelobatus (Hauer), Polyplectites 
linguiferus (v’Orsıcny), Parkinsonia arietis WErzeL, P. bi- 
goti NıcoLesco, P. radiata Renz, P. subarietis WETZEL, Bi- 
gotites nicolescoi (Grossouvre), Procerites schloenbachi 
GRroSssOUVRE, Siemiradzkıa aurigera (OPEL). 


Arkeıı (1956, 371) erwähnt aus den Aufsammlungen von 
E. J. Wurte südlich von Pardeh Mah (wahrscheinlich Pardo- 
mand in ALıenpAcH 1966) folgende Unterbathon-Ammoni- 
ten: „Oppelia (Oxycerites) fallax (GurranGer), O. (O.) l- 
mosa (Buckman), O. (O.) cf. radiatiformis WETZEL, O. (O.) 
aff. waterhousei (M. & L.), Oecotraustes densecostatus Lıssa- 
jous, Lissoceras inflatum Werzeı, Morphoceras multiforme 
Arkeıı, Ebrayiceras pseudoanceps (Eprav), E. jactatum 
Buckman, Cadomites deslongchampsi (D’Ors.), Parkinsonia 
pachypleura Buckman, P. dorni Arkeıı, P. aff. acrıs WE- 
TZEL, Procerites cf. clausiprocerus BUCkMman, P. cf. funatus in 
Lissajous, Planisphinctes aff. planilobus Buckman, Plani- 
sphinctes cf. acurvatus (WETZEL), Siemiradzkia berthae (Lıs- 
saJous), $. psendorjaznensis (Lissajous), S. cf. bajociformis 
ARKELL“. 


DeııengacH (1964, 35) führt aus der Dalichy-Formation 
bei Pole-Dokhtar (Haraz-Straße) folgende Unterbatho- 
nıum-Ammoniten an: „‚Ebrayiceras jactatum (BuckMm.), 
Siemiradzkia (Planisphinctes) planilobus (Buckm.)“. LORENZ 
(1964, 26) bildet aus der Dalichy-Formation des oberen Ka- 
radj-Tales eine Parkinsonia parkinsoni (SOwERBY) ab. STOCK- 
ıın et al. (1965, 21) berichten aus der Gegend südlich von 
Zanjan über: ?Parkinsonia sp., Berbericeras sp., Ebrayiceras 
sp. 

STEIGER (1966) beschreibt das Typusprofil der Dalichy- 
Formation (an der Firuz-Kuh-Straße, 107 kmE von Tehran) 
und führt von dieser Lokalität und einem Vorkommen süd- 
lich des Dorfes Kherem folgende Ammoniten an: ‚,Lytoceras 
sp., Phylloceras sp., Ebrayiceras sp., Morphoceras spp. inc. 
multiforme, Oecotranstes sp., Cadomites sp., Procerites sp., 


Oppelia (Oxycerites) spp. inc. yeovilensis, Parkinsonia (Par- 
kinsonia) sp., Parkinsonia (Parkinsonia) aff. acrıs ArkKELL, 
Bullatimorphites sp.“ 


ALLENBACH (1966, 34-35) erwähnt aus der Dalichy-Forma- 
tion um Pardomand (? Pardeh-Mah bei Arkeıı 1956) neben 
Callovium-Ammoniten folgende Ammoniten des unteren 
Bathonium: ‚Bullatimorphites sp., Cadomites cf. daubenyi 
(Buckman), Ebrayiceras cf. jactatum Buckman, Ebrayiceras 
rursum Buckman, Eohecticoceras fuscum (QUENSTEDT), Lis- 
soceras sp., Morphoceras cf. macrescens (Buckman), Mor- 
phoceras cf. multiforme Arkeıı, Morphoceras sp., Oeco- 
traustes (Oecotraustes) nodifer Buckman, Oppelia (Oxyceri- 
tes) limosa (Buckman), Oppelia (Oxycerites) cf. waterhousei 
(Morris & Lycert), Oppelia (Oxycerites) yeovilensis RoL- 
LIER, Oppelia (Oxycerites) sp., Planisphinctes cf. planilobus 
BucKMaNnN.“ 


AsserETo etal. (1968, Tab. 7) geben in einer Tabelle alle bis 
dahin aus der Dalichy-Formation bekanntgewordenen Am- 
moniten wieder. Aravı-Nami (1972, 131) berichtet aus seiner 
nördlichen Zone bei Djam (E Semnan) über eine außerordent- 
lich mächtige Dalichy-Formation (250-300 m). Aus dem 
Profil von Kuhe-Charaf werden folgende oberbajocische 
Ammoniten angeführt und z. T. abgebildet: ‚‚Garantiana 
garanti D’ORBIGNY, Garantıiana bifurcata ZIETEN, Strenoce- 
ras niortense D’ORBIGNY, Apsorroceras densicostatum (QUEN- 
STEDT, Bigotites sp., Phylloceras sp.“ 


Davıss et al. (1972, 59) führen aus der Gegend 4 km nörd- 
lich von Shal (NW Massuleh) einige lose aufgesammelte Am- 
moniten an, darunter: “Parkinsonia parkinsoni SOWERBY und 
Oppelia (Oxycerites) cf. fallax (GUERANGER).““ ANNELLES et 
al. (1975, 27) berichten aus der Dalichy-Formation 3 km SW 
von Bahramabad (ca. 40 km NE Qazvin), die diskontinuier- 
lich der Shemshak-Formation auflagert, außer über Callo- 
vium- auch über Unterbathonium-Ammoniten: ‚‚Procerites 
sp., Procerites (Siemiradzkia) cf. procerus (SEEBACH), Poly- 
sphinctes sp., Oxycerites sp., Ebrayiceras jactatum (Buck- 
MAN).““ Sussuı (1976, 72) erwähnt aus der Dalichy-Formation 
der Panjab-Gegend (N Haraz-Tal) neben Callovium-Arten 
folgende Ammoniten aus dem oberen Bajocium: „Parkinso- 
nıa sp., Garantıana sp.“ 


ZENTRALIRAN 


Im östlichen Zentraliran erfolgt in der Zeitspanne Oberba- 
jocium/Unterbathonium eine große Transgression, die von 
Mashhad über die Shotori- und Kalmard-Ketten bis Lakar- 
kuh nördlich von Kerman hinunterreicht. Dieser Transgres- 
sion geht eine wenig beachtete orogene Phase voraus, die, be- 
sonders gegen Norden, wohl ausgeprägt ist. Diese transgres- 
sive Folge, die häufig aus hellbraunen, oolitischen und Am- 
moniten-führenden Kalken besteht, überdeckt diskontinu- 
ierlich, oft mit Basalkonglomeraten, verschieden alte Forma- 
tionen. Diese Kalke, die gewöhnlich unter dem Namen ‚,‚Ba- 
damu“- (Sröckuın et al. 1965 b; RUTTNER et al. 1968; Aravı- 
Nainı 1972; Kıyver et al., im Druck) oder ‚‚Bidou‘“-Forma- 


tion (AGHANABATI 1977) laufen, sind jedoch mit keiner der 
beiden Formationen analog (Seven-Emamı 1971, 19). Viel- 
mehr stellen sie eine eigene Formation dar, die zeitlich und 
faunistisch mit dem unteren Abschnitt der Dalichy-Forma- 
tion Äquivalent ist. 


Aus diesen Kalken und aus den folgenden Tonschiefern 
und Mergeln der Baghamshah-Formation werden häufig 
Ammoniten angeführt. So berichten Rurrtnek et al. (1968, 78) 
aus der „‚Badamu“-Formation östlich von Kuhe-Siah (Ta- 
bas-Gebiet) über: Cadomites deslongchampsi (DEFRANCE); 
aus der Baghamshah-Formation südlich von Neygenan über: 
Polyplectites lingmiferus (ORrsıcnY) und aus derselben Forma- 
tion südlich von Shirgesht über: Phylloceras sp., Oecotrau- 
stes (Paroecotraustes) splendens Arkeıı und Delecticeras le- 
gayı (RıGaux & SAUVAGE). 

Aravı-Nanmi (1972, 138) erwähnt aus der ‚‚Badamu“-For- 
mation SE von Djam (E Semnan) folgende Bathonium-Am- 
moniten: „‚Berbericeras sp., Planisphinctes sp., Procerites 
(Phaulozigzag) phanlomorphus (Buckman), Cadomites sp.“ 
AGHANABATI (1977, 135-136) berichtet aus der „‚Bidou“- 
Formation im Gebiet von Kalmard (W Tabas) über folgende 
Bathonium-Ammoniten: ‚‚Oxycerites sp., Oxycerites cf. 
aspidoides, Zigzagiceras (Procerozigzag) sp., Siemiradzkia 
(Siemiradzkia) sp., Choffatia (Grossonvria) sp., Choffatia 
(Grossonvria) gr. vicenti praecursor Mancoıd, Rugiferites 
angulicostatus, Hecticoceras (Prohecticoceras) cf. crassum 
Eımi, Cadomites (Polyplectites) sp., Cadomites (Polyplecti- 
tes) compressus (GROSSOUVRE).“ 


Kıvver et al. (a, b, ın Druck) führen aus der ‚‚Badamu“- 
Formation ım Gebiet von Naybandan, die diskontinuierlich 
die Shemshak- oder die Nayband-Formation bedeckt, neben 
einer reichen Bivalven-Fauna an: Oxycerites sp. und Delecti- 
ceras crassum (\WESTERMANN); aus der Hodjedk-Formation 
von Naybandan und Lakarkuh: Procerites sp., Procerites 
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(Phaulozigzag) procerus (SEEBACH), Procerozigzag sp. und 
aus der Baghamshah-Formation des selben Gebietes: Holco- 
phylloceras sp., Oxycerites fallax (GUERANGER), Morphoce- 
ras multiforme ArktıL, M. macrescens (BUCkMAn), M. gre- 
diens WETZEL, Ebrayiceras jactatum (Buckman), Berberice- 
ras sp., Procerites (Phaulozizag) procerus (SEEBACH). 


NORDOSTIRAN (Koppeh-Dagh) 


Im Koopeh-Dagh-Gebiet sind Äquivalente der Dalichy- 
Formation in den Formationen Kashaf Rud und Chaman Bid 
zu suchen. So berichtet ArsHar-Hars (1979, 77) aus der 
Chaman Bid-Formation von Kuhe-Ozom über: Parkinsonia 
sp., Perisphinctes sp., Flabellisphinctes sp. Mavanı (1977, 
92) führt aus der Kashaf Rud-Formation des östlichen Kop- 
peh-Dagh folgende Oberbajocium-Ammoniten an: ‚‚Parkin- 
sonia, Partschiceras, Callıphylloceras, Lytoceras, Cadomites 
deslongchampsi, Bigotites petrinicolesco.“ 


SÜDWESTIRAN (Zagros) 


Die Jura-Ablagerungen von Südwestiran zeigen sowohl li- 
thologisch als auch faunistisch keine Übereinstimmung zu 
Nord- und Zentraliran. Die zeitlichen Äquivalente der Da- 
lichy-Formation sind in den Formationen Surmeh und Sar- 
gelu zu suchen, woraus aber keine Ammoniten angeführt 
werden. Die einzigen Angaben über Ammoniten macht Ar- 
KELL (1956, 377) aus der Gegend von Kermanshah, der aus ei- 
ner Folge von schwarzen, hornsteinführenden und dünn ge- 
bankten Kalken (?Sargelu) folgende Ammoniten des oberen 
Bajocium angibt: ‚„‚Parkinsonia sp., Oppelia sp., Morphoce- 
ras sp., Sphaeroceras sp., Sonninia sp., Stephanoceras cf. co- 
ronatum type.“ 


BESCHREIBUNG DER AMMONITEN-FAUNA 


Genus Partschiceras Fucını, 1923 
Partschiceras sp. 
Taf. 5, Fig. 10 


Material: 4 vollständig gekammerte Exemplare (50-200, —201, 
204, -205). 

Bemerkungen: Aufgrund der diphyllen Lobenlinie und 
der geringen Nabelweite werden die Stücke zu Partschiceras 
gestellt. Eine vergleichbare Form ist Partschiceras abichi 
(UHuig) in Sturanı (1971, Taf. 2, Fig. 3), aus dem unteren 
Bajocıum (humphriesianum-Zone) von Troch N. 1, Monte 
Longara. 


Genus Holcophylloceras SparH, 1927 
Holcophylloceras sp. 
Taf. 5, Fig. 9 


Material: 1 leicht korrodierter Steinkern von 22 mm Dm 
(50-203). 


Bemerkungen: Im Gesamthabitus läßt sich das Exem- 
plar gut mit dem von Sturanı (1966, Taf. 3, Fig. 5) abgebilde- 
ten Holcophylloceras mediterraneum (NEumAYR) aus dem 
oberen Bathonium von Chandon vergleichen. 


Genus Lissoceras BAayLE, 1879 
Lissoceras sp. 
Tat. 5, Big. 8 

Material: 1 korrodierter, etwas verdrückter Steinkern von 
26 mm Dm (50-202). 

Bemerkungen: Soweit der Erhaltungszustand dies zu- 
läßt, ist das Exemplar in Nw und Windungsquerschnitt mit 
dem von Sturanı (1971, Taf. 6, Fig. 2) abgebildeten Zissoce- 
ras oolithicum (OrsıGny) aus dem unteren Bajocium (hum- 
phriesianum-Zone) von Troch N. 1, Monte Longara zu ver- 
gleichen. 


Genus Oppelia WAAGEN, 1869 
Oppelia pleurifer (BUcCkMman) 
ars Bes 


1924 Pleuroyites pleurifer nov. — BUCKMAN: Taf. 478. . 
1973 Oppelia (O.) pleurifer (S. BUCKMAN) — PAvIA: 98, Taf. 16, 
B19:9: 
Material: 1 Exemplar (50-27). 
Maße: Dm Nw % Wh % Wb % 
42,5 19 54 26 


Beschreibung: Mäßig involute Oppelia mit hochova- 
lem Windungsquerschnitt und einem flachen, stumpfen Kiel. 
Der Nabelrand ist scharf, die Nabelwand senkrecht. Die Be- 
rippung besteht aus einzelnen, kräftig rursiradiaten Außen- 
rippen, die etwa die Hälfte der Flanke einnehmen und 2 bis 3 
deutlich schwächeren und kürzeren Rippen, die den Raum 
zwischen den kräftigeren Rippen einnehmen. Auf der inneren 
Flankenhälfte sind unregelmäßige, prorsiradiate Rippen an- 
gedeutet. Die Lobenlinie ist stark zerschlitzt, mit tiefem, tri- 
fidem Laterallobus und 5 sichtbaren Umbilikalloben. 


Bemerkungen: Von dem etwas engeren Nabel abgese- 
hen, läßt sich das Exemplar gut mit dem Holotyp vergleichen. 
In Nw kommt O. flexa (Buckman) nahe, die eventuell als sy- 
nonym zu O. pleurifer angesehen werden kann. 


Vorkommen: Oberbajocium (parkinsoni-Zone) von 
England und Frankreich. 


Genus Oxycerites ROLLIER, 1909 
Oxycerites cf. limosus (BUCKMAN) 
Taf. 1, Fig. 1-2 


cf. 1968 Oxycerites limosus (S. BUCKMAN) — HAHN: 33, Taf. 2, 
Fig. 7; Taf. 5, Fig. 8; Abb. 6-7 (mit Synonymie). 

Material: 4 bruchstückhaft erhaltene Exemplare (50-20, —21, 
33824). 

Beschreibung: Bei dem Material handelt es sich um In- 
nenwindungen, die wegen des schlechten Erhaltungszustan- 
des eindeutig keiner bekannten Art zugeordnet werden kön- 
nen. Sie sind involut, mit hohem, spitzovalem Windungs- 
querschnitt. Der Nabelrand ist scharf, die Nabelwand senk- 
recht. Bei einigen Exemplaren sind feine, prorsiradiate Mar- 
ginalrippen zu erkennen. Gelegentlich sind deutliche Schul- 
tern vorhanden. 


Bemerkungen: Aufgrund der erkennbaren Merkmale 
werden die Stücke zu O. limosus gestellt. 


Vorkommen: Die Art ist aus dem Unterbathonium von 
England, Frankreich, Deutschland und Bulgarien bekannt. 


Oxycerites yeovilensis (ROLLIER) 
Taf. 1, Fig. 4 


v 1869 Ammonites fuscus QUENST.— WAAGEN: 199, Taf. 16, Fig. 6. 
1911 Oppelia yeovilensis n. sp. — ROLLIER: 305. 
1968 Oxycerites yeovilensis ROLLIER - HAHN: 29, Taf. 2, Fig. 14; 
Abb. 7 (mit Synonymie). 


Material: 3 Phragmokone (50-16 bis —18). 


Maße: Dm Nw % Wh % Wb% 
50-16 37 12 55 21 


Beschreibung: Ziemlich evoluter Oxycerites mit leicht 
gewölbten Flanken und hochovalem, zugespitztem Win- 
dungsquerschnitt. Der Nabelrand ist scharf, die Nabelwand 
senkrecht. Die Berippung besteht aus verhältnismäßig dicht- 
stehenden, schwach rursiradiaten Rippen, die etwa die Hälfte 
der äußeren Flanke einnehmen. An der Externseite ziehen sie 
fast winkelignnach vorn. Die innere Flankenhälfte ist glatt, nur 
einzelne prorsiradiate Anwachsstreifen sind angedeutet. 


Bemerkungen: O. yeovilensis ist ausführlich bei HaHn 
(1968, 32) behandelt. 


Vorkommen: Unterbathonium (zigzag-Zone) von Eng- 
land, Frankreich, Deutschland, Bulgarien und Rumänien. 


Oxycerites seebachi (WETZEL) 
Tat. 1, Fig. 5 


1950 Oppelia (Oxycerites) fusca (QU.) seebachi n. subsp. - WETZEL: 
90712129, 2E189) 
1968 Oxycerites seebachı (WETZEL) - HAHN: 37, Taf. 2, Fig. 5-6; 
Abb. 7 (mit Synonymie). 
Material: 1 Phragmokon (50-26). 


Maße: Dm Nw% Wh % Wb% 
45 19 52 27, 


Beschreibung: Verhältnismäßig evoluter Oxycerites 
mit hochoval zugespitztem Windungsquerschnitt. Der Na- 
belrand ist mäßig scharf, die Nabelwand senkrecht. Bis zu ei- 
nem Dm von ca. 40 mm besteht die Berippung aus kräftigen, 
falciferen Rippen. Die prorsiradiaten Innenrippen teilen sich 
auf der Flankenmitte in meist 2 rursiradiate Außenrippen. Bei 
einem Dm von 40 mm wurden auf '/; Umgang 12 Innenrip- 
pen und doppelt so viele Außenrippen gezählt. Ab 40 mm 
Dm werden die Rippen, vor allem die Innenrippen, bedeu- 
tend schwächer und stehen weiter auseinander. 

Bemerkungen: ©. seebachi unterscheidet sich von allen 
bekannten Oxycerites-Arten, wie bereits Hann (1968, 38) 
erwähnt, durch seine evoluten Innenwindungen. Das vorlie- 
gende Exemplar ist bei 50 mm Dm noch gekammert und 
dürfte die für die Art typische Endgröße erreichen (s. Haun 
1968, 38). In der Art der Berippung ähnelt unser Stück gewis- 
sen von Eımı (1971) beschriebenen Prohecticoceras-Arten, 
unterscheidet sich aber deutlich durch den zugeschärften 
Windungsquerschnitt. 

Vorkommen: Hann (1968, 39) führt die Art aus dem 
höheren Unterbathonium von Süddeutschland an. Außerdem 
wird sıe aus Frankreich und Bulgarien erwähnt. 


Genus Oecotraustes \WAAGEN, 1869 
Oecotraustes (Oecotranstes) westermanni STEPHANOV 
Taf. 1, Fig. 8 


1958 Oecotraustes n. sp. - WESTERMANN: 35, Taf. 1, Fig. 24. 

1966 Oecotraustes (Oecotraustes) westermannı sp. nov. — STEPHA- 
Nov: 39, Taf. 1, Fig. 4. 

1971 Oecotraustes westermanni STEPHANOV -STURANI: 116, Taf. 6, 
Fig. 19; Taf. 16, Fig. 13. 


Material: 7 Exemplare (50-1 bis 7). 


Maße: Dm Nw % Wh % Wb % 


50-1 26 24 45 23 
50-2 25 25 46 21 


Beschreibung: Mäßig involuter Oecotraustes mit hoch- 
ovalem Windungsquerschnitt. Der zunächst deutliche Kiel 
klingt auf der Wohnkammer aus, so daß hier die Externseite 
gerundet ist. Der Nabelrand ist gerundet, die Nabelwand 
niedrig und senkrecht. Die Berippung besteht aus feinen, 
kurzen und rursiradialen Außenrippen, die weniger als ein 
Drittel der äußeren Flanke einnehmen. Marginal werden sie 
breiter und weisen sehr schwache Knoten auf. Der innere 
Flankenteil ist fast glatt. Zu Beginn der Wohnkammer 
(26 mm Dm) tritt ein leichter Knick und deutliche Egression 
auf. 

Bemerkungen: Von dem sehr nahestehenden O. geni- 
cularıs WAAGEN unterscheidet sich ©. westermanni durch 
kürzere und gröbere Außenrippen: O. westermanni weist 
etwa 50 Rippen per Umgang auf, während beim Lectotyp zu 
WAAGEN etwa 60 Rippen gezählt wurden. Sie werden margi- 
nal breiter und bilden deutliche Knoten. Diese fehlen, entge- 
gen der Auffassung von STEPHANOV (1966, 38) bei O. genicu- 
larıs, dessen Typ vorgelegen hat. Außerdem ist ©. wester- 
manni etwas schmäler und besitzt schwache Schultern. Ahn- 
liche Formen bildete Dorn (1927, Taf. 7, Fig. 5-7) ab. 


Vorkommen: Wahrscheinlich Oberbajocium von Spani- 
en, Frankreich, Bulgarien. Sturanı erwähnt die Art aus der 
subfurcatum-Zone der venetischen Alpen. 


Oecotraustes (Oecotraustes) cf. bomfordi Arkeıı 
Tat. 1,.Fıg. 6 


cf. 1968 Oecotraustes (Oecotraustes) bomfordi ARKELL — HAHN: 
45, Taf. 3, Fig. 1-3; Abb. 8 (mit Synonymie). 
Material: 3 Exemplare (50-10 bis -12). 


Maße: Dm Nw % Wh % Wb% 
50-10 20 15 55 24 
50-11 24 17 51 23 
50-12 29 14 55 23 


Beschreibung: Ziemlich involute Formen mit hochova- 
lem Windungsquerschnitt und einem flachen, schmalen Kiel. 
Der Nabelrand ist scharf, die Nabelwand senkrecht. Die Be- 
rippung besteht aus sehr feinen, schwach rursiradiaten Au- 
ßenrippen, die etwa das äußere Flankenviertel einnehmen. 


Bemerkungen: Alle Exemplare sind gekammerte In- 
nenwindungen, so daß eine nähere Bestimmung nicht mög- 
lich ist. Von dem in manchemähnlichen O. westermanni un- 
terscheiden sich die Stücke durch einen deutlich engeren Na- 
bel. Bei den Exemplaren 50-10 und 50-12 ist die Lobenlinie, 
soweit sichtbar, stark zerschlitzt und erinnert etwas an Oxy- 
cerites. 


Vorkommen: O. bomfordi wird aus dem Unterbatho- 
nıum von England, Frankreich, Deutschland und Bulgarien 
angeführt. 


Oecotraustes (Oecotraustes) aff. nodifer BUckMman 
Mar. 1 Eı929 


aff. 1951 Oecotraustes nodifer S. BUCKMAN — ARKELL: 68, Taf. 7, 
Fig. 7-8. 
Material: 3 Exemplare (50-13 bis -15). 


Maße: Dm Nw % Wh % Wb % 
50-13 29,5 33 39 25 


Beschreibung: Weitnabeliger, mittelwüchsiger (Wohn- 
kammerbeginn bei 25 mm Dm) Oecotraustes mit ovalem 
Windungsquerschnitt. Der Nabelrand ist gerundet, die Na- 
belwand schräg. Die Berippung ist fein, rursiradiat und auf 
die äußere Windungshälfte beschränkt. Auf einen halben 
Umgang wurden 23 Rippen gezählt. An der Externseite, vor 
allem am Anfang der Wohnkammer, tragen die Rippen 
schwache Knoten. Die innere Flankenhälfte ist glatt. Der 
deutliche Kiel verschwindet allmählich auf der Wohnkam- 
mer. Zu Beginn der Wohnkammer tritt ein deutlicher Knick 
und Egression auf. Bei Exemplar 50-13 ist auf der Wohn- 
kammer eine undeutliche Medianfurche zu erkennen. 


Bemerkungen: Unter den bekannten Oecotraustes- Ar- 
ten lassen sich unsere Exemplare am besten noch mit O. no- 
difer vergleichen. Sie sind aber kleinerwüchsig, evoluter und 
weisen bedeutend schwächere Knoten auf. Möglicherweise 
handelt es sich um eine neue Art. 


Vorkommen: Nach STEPHANOV (1966, 41) tritt O. nodi- 
fer im oberen Bajocium (parkinsoni-Zone) auf. 


Subgenus Paroecotraustes SPATH, 1928 
Oecotraustes (Paroecotraustes) aff. serrigerus (WAAGEN) 
Tara, Eig27 


aff. 1966 Oecotraustes (Paroecotraustes) serrigerus WAA- 
GEN—STEPHANOV: 48, Taf. 3, Fig. 12-14; Abb. 13 
(mit Synonymie). 

non 1968 Oecotraustes (Paroecotraustes) aff. serrigerus 


WAAGEN — HAHN: 60, Taf. 5, Fig. 455. 
1972 Oecotraustes (Paroecotraustes) serrigerus (WAA- 
GEN) - KRYSTYN: 234, Taf. 4, Fig. 5; Abb. 9. 


Material: 2 Exemplare (50-8, -9). 


Maße: Dm Nw % Wh % Wb % 
50-8 21,5 28 44 2% 
50-9 22 29 45 29 


Beschreibung: Ziemlich evoluter Oecotraustes mit ova- 
lem Windungsquerschnitt und kräftigem Kiel. Der Nabel- 
rand ist gerundet, die Nabelwand schräg. Die Berippung be- 
steht aus sehr schwachen, rursiradiaten Innenrippen und rur- 
siradiaten Außenrippen, die marginal deutlich breiter wer- 
den. Bei einem Dm von 21 mm wurden auf einer halben Win- 
dung 21 Außenrippen gezählt. Eine Medianfurche ist nicht 
zu sehen; dies mag durch die Erhaltung bedingt sein oder 
daran liegen, daß bei den Exemplaren nur ein kleiner Teil der 
Wohnkammer erhalten ist. 


Bemerkungen: Obwohl die Innenrippen deutlich 
schwächer ausgebildet sind, lassen sich unsere Exemplare 
noch am besten mit den bei SrerHanov (1966) und Krystyn 
(1972) abgebildeten Formen vergleichen. 


Vorkommen: O. serrigerus ıst aus Polen, Deutschland, 
Österreich und Bulgarien bekannt und kommt wahrschein- 
lich im tieferen Oberbathonium vor. Unsere Exemplare dürf- 
ten etwas älter sein. 
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Oecotraustes (Paroecotraustes) splendens ARKELL 
Taf. 1, Fig. 10 


1951a Oecotraustes (Paroecotraustes) splendens sp. nov. — ARKELL: 
Ze Ita I Jr il 

1951 Oecotraustes (Paroecotraustes) splendens ARKELL — ARKELL: 
70, Taf. 8, Fig. 2-3. 

1966 Oecotraustes (Paroecotraustes) splendens ARKELL — STEPHA- 
Nov: 57, Taf. 4, Fig. 1. 

1968 Oecotraustes (Paroecotraustes) splendens ARKELL — HAHN: 
54, Taf. 4, Fig. 14-15. 

1972 Oecotraustes (Paroecotraustes) splendens ARKELL- KRYSTYN: 
235, Taf. 4, Fig. 1-2. 

Material: 1 Exemplar (1964-NH-77a) aus der Baghamshah- 
Formation südwestlich von Shirgesht bei Tabas (Zentraliran). 


Maße: Dm Nw % Wh % Wb % 
18,5 35 42 27 


Beschreibung: Ziemlich evoluter Oecotraustes mit tra- 
pezoidem Windungsquerschnitt, wohl abgesetztem Kiel und 
deutlichen Schultern. Die Innenberippung besteht aus prorsi- 
radiaten Rippen, die kurz unterhalb der Flankenmitte in klei- 
nen Knoten enden. Die Außenrippen sind stark rursiradiat, 
werden zur Externseite hin breiter und enden in rundlich cla- 
vaten, zugeschärften, kleinen Knoten. Auf 9 Innenrippen 
kommen etwa 16 Außenrippen. 


Bemerkungen: O. splendens kann allein mit ©. (P.) 
fuscus verwechselt werden, von dem er sich aber nach Hann 
(1968, 55) durch gröbere Berippung unterscheidet. 


Vorkommen: O. (P.) splendens ist aus England, 
Deutschland, Österreich und Bulgarien bekannt. Nach Hann 
(1968, 55) tritt O. splendens im unteren Bathonium auf, wäh- 
rend die Art von Arkeıı (1951) und STEPHANOV (1966) aus 
dem mittleren Bathonium angeführt wird. In Zentraliran 
wurde sie zusammen mit Delecticeras delectum ARKELL aus 
der Baghamshah-Formation aufgesammelt (RUTTNER et al. 
1968, 84). 


Genus Cadomites MUNIER-CHALMAS, 1892 
Cadomites extinctus (QUENSTEDT) 
Taf. 2, Fig. 2 


1886/1887 Ammonites anceps extinctus -— QUENSTEDT: 630, Taf. 74, 
Fig. 30, 32-34 (nur!). 

1971 Cadomites (Cadomites) extinctus (QUENSTEDT) — HAHN: 110, 
Taf. 9, Fig. 10-13. 

1980 Cadomites (Cadomites) extinctus (QUENSTEDT, 1887) — GA- 
LACZ: 73, Taf. 15, Fig. 4 (mit Synonymie). 


Material: 1 schlecht erhaltener Phragmokon (50-32). 


Maße: Dm Nw % Wh % Wb % 
33 34 37 71 


Beschreibung: Sehr fein und dicht berippter Cadomites 
mit breitovalem bis trapezoidem Windungsquerschnitt und 
leicht gewölbter Externseite. Der Nabel ist tief, die Nabel- 
wand fast senkrecht. Die Berippung besteht aus sehr feinen, 
radiaten Innenrippen (35 bei Dm 35 mm), die an kleinen 
Knoten enden. Von diesen gehen 3 bis 4, wiederum feine, Ex- 
ternrippen aus. 


Bemerkungen: Abgesehen von etwas dichterer Innen- 
berippung und größerer Wb läßt sich unser Exemplar ausge- 


zeichnet mit dem Original zu QuEnstept (Taf. 74, Fig. 32) 
vergleichen, von dem ein Abguß vorlag. In der Dichte der In- 
nenberippung kommt das Stück C. orbignyi (GROSSOUVRE 
1930, Taf. 39, Fig. 6) nahe. Von diesem, wie auch von der 
ähnlichen Art C. daubeyi (GEMMELLARO), unterscheidet sich 
das Exemplar durch einen coronaten Windungsquerschnitt. 


Vorkommen:C. extinctus wird aus dem unteren Batho- 
nium von Süddeutschland angeführt. In Polen (GarLacz 1980, 
74) soll es im mittleren Bathonium vorkommen. 


Cadomites ? sp. nov. 
Taf.,2, Hie. 1 


Material: 1 Exemplar (50-30). 


Maße: Dm Nw % Wh % Wb % 
32 45 34 69 


Beschreibung: Evoluter Cadomites mit doppelt so brei- 
tem wie hohem, trapezoidem Windungsquerschnitt und sehr 
schwach gewölbter Externseite. Die Berippung besteht aus 
leicht geschwungenen, etwas unregelmäßigen, radıiären In- 
nenrippen, die am Ende der Flanke in rundlich zugeschärften 
Knoten enden (etwa 24 bei 32 mm Dm). Von diesen gehen 3, 
seltener 4, leicht nach vorn gebogene Sekundärrippen aus. 


Bemerkungen: Das Exemplar zeichnet sich von allen 
bekannten Cadomites- Arten durch größere Evolution und 
coronaten, extern kaum gewölbten Windungsquerschnitt 
aus. Eine in manchem ähnliche Art bilden Roman & PFrou- 
rauD (1927, Taf. 7, Fig. 5) als C. deslongchampsi ab. Ge- 
wisse Ähnlichkeit ist auch mit den beı Sturanı (1966, Taf. 13, 
Fig. 1) und Korık (1974, Taf. 3, Fig. 2) als C. rectelobatus 
(Haurr) abgebildeten Formen vorhanden. Unser Exemplar 
ist jedoch deutlich evoluter. 


Vorkommen: Dalichy-Formation östlich von Abe- 
Garm, ziemlich tief im Profil. 


Genus Polyplectites MasckE, 1907 
Polyplectites linguiferus (ORBIGNY) 
Taf. 2, Fig. 4, 7 


1845 Ammonites lingniferus D’ORBIGNY: 402, Taf. 136, 
Fig. 4-5 (nur). 

1930 Cadomites lingniferus D’ORB. — GROSSOUVRE: 
373, Taf. 40, Fig. 10 (Neotypus). 


? 1934 Cadomites linguiferus D’ORBIGNY — RIVIERE: 106, 
Taf. 6, Fig. 6. 

? 1954  Polyplectites linguiferus (D’ORBIGNY) — WESTER- 

MANN: 338, Taf. 32, Fig. 3; Abb. 146 (Paratypus). 

? 1972  Polyplectites linguiferus (D’ORB.)— KRYSTYN: 254, 
Taf. 6, Fig. 7. 

non 1974 _ Cadomites (Polyplectites) cf. linguiferus (D’ORBIG- 


NY, 1846) — KoPik: 36, Taf. 10, Fig. 3; Taf. 11, 
Eipal: 


Material: 6 Exemplare (50-38, —40, —41,—43, —44, 45). 


Maße: Dm Nw% Wh% Wb% K 
50-38 16 37 41 62 22 
50-43 20 37 3% 58 


Beschreibung: Kleine, ziemlich evolute Polyplectites 
mit breitovalem Windungsquerschnitt. Die Nabelwand ist 


niedrig und senkrecht und geht allmählich in die schräge 
Flanke über. Die Berippung besteht aus scharfen, prorsiradia- 
ten, leicht geschwungenen Innenrippen, die an der Naht be- 
ginnen und an rundlich zugeschärften, kleinen Knoten auf der 
Flankenmitte (breiteste Stelle) enden. Von diesen gehen 3 bis 
5 feine und scharfe Rippen aus, die fast geradlinig die deutlich 
gewölbte Externseite überqueren. Auf der Wohnkammer ge- 
hen von den Knoten meist nur 3 Sekundärrippen aus. Bei Be- 
ginn der Wohnkammer tritt eine deutliche Egression ein, die 
Wb nimmt leicht ab und der Querschnitt wird rundlicher. 


Bemerkungen: Wie bereits von WESTERMANN (1954, 340) 
vermerkt, herrscht bei der Zuweisung zu dieser Art eine 
große Verwirrung. In Hinsicht auf die Endgröße, Nw, Wb, 
und Berippungsdichte scheint eine große Variabilität vorhan- 
den zu sein, die die Schwierigkeit bei der Zuordnung hervor- 
ruft. Unsere Exemplare, obwohl etwas kleiner (Ende des 
Phragmokons bei Exemplar 50-43 bei 20 mm Dm, bei 50-38 
bei 16 mm Dm), coronater und evoluter, lassen sich gut mit 
dem von Arkeıı (1951, 80) und WESTERMANN (1954, 339) auf- 
gestellten Neotypus (GrossouvRE 1930, Taf. 40, Fig. 10) ver- 
gleichen. Der Paratypus bei WESTERMAnN (1954, Taf. 32, 
Fig. 3) weicht in seinen Merkmalen ziemlich vom Neotypus 
(s. a. Korık 1974, 38) und damit auch von unseren Exempla- 
ren ab. Eine sehr ähnliche Art ist ?. zlatarskii STEPHANOV 
(1963, 196, Taf. 1, Fig. 2), der jedoch eine feinere Berippung 
und größere Windungsbreite aufweist als unsere Exemplare. 


Vorkommen: Obwohl im europäischen Raum weit ver- 
breitet, herrscht über das Vorkommen dieser Art Unklarheit. 
Allgemein wird sie aus dem oberen Bajocium bis mittleren 
Bathonium angeführt. 


Polyplectites rozycki Korık 
at 2,1E19.3, 5 


1967 Polyplectites dorni (ROCHE) — STURANI: 29, Taf. 6, Fig. 4. 
1974 Cadomites (Polyplectites) rozyckii sp. n.— KOPIK: 33, Taf. 10, 


Fig. 1. 
Material: 4 Exemplare (50-35 bis -37, —42). 
Maße: Dm Nw % Wh % Wb % K 
50-35 15 45 40 64 


17 44 35 66 16 


Beschreibung: Kleinwüchsiger, coronater und weitge- 
nabelter Polyplectites mit bedeutend breiterem als hohem, 
trapezoidem Windungsquerschnitt. Die Externseite ist nur 
schwach gewölbt, der Übergang Flanke-Externseite ist fast 
winkelig. Die Berippung besteht aus leicht prorsiradiaten In- 
nenrippen, die an runden, ziemlich kräftigen Knoten enden. 
Von diesen gehen 3 bis5 Sekundärrippen aus. Die Lobenlinie 
ist bei Exemplar 50-35 sichtbar. Sie ist wenig zerschlitzt, mit 
trifidem Laterallobus, der fast so tief ist wie der Externlobus 
und 2 sichtbaren Seitenloben. 


Bemerkungen: Exemplar 50-35 ist ziemlich breit, coro- 
nat und grob berippt und erinnert an Innenwindungen von 
Teloceras. Ansonsten kann P. rozycku durch den kleinen 
Wuchs, den trapezoiden Querschnitt, die große Nw und co- 
ronate Berippung leicht von den bekannten Pobyplectites- Ar- 
ten unterschieden werden. Wegen der Unterschiede zu der 
sehr ähnlichen Art P. dorni (RocH#£) s. Korık (1974, 34). 


Vorkommen: Unterbathonium von Frankreich, Polen 
und dem Kaukasus. 


Polyplectites aff. globosus WESTERMANN 
Taf. 2, Fig. 10 


aff. 1954 Polyplectites (?) globosus n. sp. -— WESTERMANN: 346, 
Taf. 32, Fig. 6; Abb. 149. 
aff. 1974 Cadomites (Polyplectites) cf. globosus \WESTERMANN — 
Korik: 26, Taf. 8, Fig. 1-2. 
Material: 2 Exemplare (50-31, -34). 
Maße: Dm Nw % Wh % Wb % 
50-31 22 34 42 29 


Beschreibung: Sehr breiter, globoser und mäßig evolu- 
ter Polyplectites mit breitovalem bis trapezoidem Windungs- 
querschnitt. Der Nabel ist tief, die Nabelwand senkrecht. Die 
Berippung besteht aus leicht geschwungenen, radiären Innen- 
rippen, die am Ende der schrägen Flanke in kleinen, rundli- 
chen Knoten enden. Bei einem Dm von 30 mm wurden auf 
!/, Umgang 14 Knoten gezählt, von diesen gehen 3, seltener 
4 Externrippen aus. 


Bemerkungen: Die Exemplare zeichnen sich durch den 
breiten, globosen Querschnitt aus. Die Wb nimmt auch auf 
der noch zur Hälfte erhaltenen Wohnkammer ständig zu. 
Unsere Exemplare, obwohl deutlich breiter, können gut mit 
dem Holotyp verglichen werden. In Wb kommen die von 
Koriık (1974, Taf. 8, Fig. 1-2) abgebildeten Exemplare nahe. 
Wegen der Unterschiede zu dem sehr ähnlichen (?synony- 
men) P. cornutus s. Korık (1974, 28, 30). 


Vorkommen: P. globosus wird aus dem unteren Batho- 
nıum von Deutschland und Polen angeführt. 


Polyplectites sp. 
Taf. 2, Fig. 6 


Material: 2 Exemplare (50-46, —47). 


Beschreibung: Es liegen 2 kleine, extrem fein und dicht 
berippte Innenwindungen vor. Der Windungsquerschnitt ist 
breitoval, der Nabel ziemlich weit. Die Innenrippen sind 
leicht prorsiradiat und bilden am Ende der schrägen Flanke 
feine, rundliche Knoten. Von diesen gehen 2-3 sehr feine Ex- 
ternrippen aus. 


Bemerkungen: Wegen der unvollkommenen Erhaltung 
können die Stücke nicht eindeutig bestimmt werden. Sie las- 
sen sich mit feinberippten Pobyplectites-Arten wie P. dense- 
plicatus (Lıssajous), P. zlatarsküi STEPHANOV oder P. claro- 
montanus (Korık) vergleichen. 


Vorkommen: Dalichy-Formation östlich Abe-Garm. 


Genus Delecticeras Arkeıı, 1951 
Delecticeras delectum ArkELL 
Mar, Bio.11 


1951 Delecticeras delectum sp. nov. — ARKELL: 45, Taf. 4, Fig. 12; 
Abb. 8. 

1958 Clydoniceras (Delecticeras) delectum (ARKELL, 1951) — WE- 
STERMANN: 60, Taf. 16, Fig. 1-2. 


Material: 1 Exemplar (1964-NH-77b) aus der Baghamshah- 
Formation südwestlich von Shirgesht bei Tabas (Zentraliran). 
Maße: Dm Nw % Wh % Wb % 

17 23 47 27 
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Beschreibung: Mäßig involutes Delecticeras mit recht- 
eckig-ovalem, trikarinatem Windungsquerschnitt. Der Na- 
belrand ist fast kantig, die Nabelwand senkrecht. Die Berip- 
pung besteht aus feinen, falcoiden Rippen, die schwach und 
unregelmäßig am Nabelrand beginnen und bis zur Extern- 
kante reichen. Bei einem Dm von 17 mm wurden auf 
"Ja Windung etwa 20 Rippen gezählt. Der scharfe Kiel, der 
von deutlichen Externfurchen begleitet wird, überragt die Ex- 
ternkanten nur wenig. Die Lobenlinie ist sehr einfach und 
wenig zerschlitzt. 


Bemerkungen: Bei dem Exemplar sind die Flanken im 
Gegensatz zum Holotyp nicht ganz parallel und die Rippen, 
wenn auch stark abgeschwächt, reichen bis zum Nabel. Von 
der sehr ähnlichen Art D. legayı (Rıcaux & SaUVvAGE) unter- 
scheidet sich D. delectum durch größere Nw. Eine weitere 
sehr ähnliche Form bildet Lıssajous (1923, Taf. 24, Fig. 6) als 
Clydoniceras legayı ab, die Arkeıı (1951, 45) zu D. delec- 
tum stellt. 


Vorkommen: Die Art wird aus dem Oberbathonium 
von England, Frankreich und Deutschland angeführt. Im 
Zentraliran wurde sıe zusammen mit Oecotraustes (Paroeco- 
traustes) splendens aus der Baghamshah-Formation gesam- 
melt (Rurtnek et al. 1968, 84) und dürfte damit dem Mittelba- 
thonium angehören. 


Genus Garantiana MasckE, 1907 
Subgenus Psenudogarantiana BEnTz, 1928 
Garantiana (Psendogarantiana) dichotoma nodosa BENTz 
Taf. 2, Fig. 8 


1928 Garantıana (Pseudogarantıana) dichotoma var. nodosa nov. 
sp. nov. var. - BENTZ: 204, Taf. 19, Fig. 7, 8. 
1974 Garantıana (Pseudogarantiana) dichotoma BENTZ- DIETL: 12, 


Tata 29 Eig. 3: 
1981 Garantıiana (Pseudogarantiana) dichotoma nodosa — DIETL: 
Taf. 1, Fig. 4. 
Material: 1 Exemplar (50-63). 
Maße: Dm Nw % Wh % Wb % 
18 35 28 31 


Beschreibung: Mäßig evolute Garantiana mit rund- 
lich-quadratischem Windungsquerschnitt. Die Berippung 
besteht aus leicht prorsiradiaten Innenrippen, die an der Naht 
beginnen und sich etwa auf Flankenmitte gabeln. An der Bi- 
furkationsstelle ist ein sehr feiner Knoten ausgebildet. Die Se- 
kundärrippen schwingen leicht nach hinten und enden fast 
rechtwinklig und sich gegenüberstehend an einer sehr schma- 
len Externfurche, wo die Rippen kräftig betont sind. 


Bemerkungen: Bei dem Exemplar scheint ein kleiner 
Teil der Wohnkammer vorhanden zu sein. Obwohl kleiner 
im Wuchs und etwas involuter, läßt es sich gut mit dem Holo- 
typ von Bentz vergleichen. Von der sehr ähnlichen Art G. 
(P.) minima WETZEL unterscheidet es sich durch den Besitz 
von Knoten an der Bifurkationsstelle und dadurch, daß sich 
die Rippen an der Externfurche gegenüberstehen. Eine sehr 
ähnliche Form bildet Werzer (1937, Taf. 10, Fig. IC) als 
G. minima pusilla WETzZEL ab. 


Vorkommen: Öberbajocium (garantiana-Zone) von 
Deutschland und Spanien. 


Subgenus Orthogarantiana Bentz, 1928 
Garantiana (Orthogarantiana) cf. conjugata (QUENSTEDT) 
ar.2, Big. 9 


cf. 1971 Orthogarantiana conjugata (QUENSTEDT) — STURANI: 157, 
Taf. 13, Fig. 1,4, 8. 


Material: 2 Exemplare (50-39, —49). 


Maße: Dm Nw % Wh % Wb % 
50-49 19 39 37 56 


Beschreibung: Das Stück ist mäßig evolut mit breitova- 
lem, trapezoidem Windungsquerschnitt. Die Flanke fällt 
schräg zum Nabel ab, die Nabelwand ist kaum davon abge- 
setzt. Die Berippung besteht aus schwach prorsiradiaten In- 
nenrippen, die an der Naht beginnen und am Übergang zur 
Externseite ın rundlichen Knoten enden. Von diesen gehen 2 
bis3 Rippen aus, die die wohlgewölbte Externseite überque- 
ren. In der Medianen sind die Rippen schwach eingedellt, 
ohne jedoch ganz unterbrochen zu sein oder Knoten zu bil- 
den. 


Bemerkungen: Bei Exemplar 50-49 beginnt die Wohn- 
kammer bei etwa 19 mm Dm. Auf der Wohnkammer sind die 
Innenrippen ziemlich kräftig und gabeln sich stets in 2 Ex- 
ternrippen. Die von Sturanı (1971, 157) erwähnten Ein- 
schnürungen konnten nicht beobachtet werden. Eventuell 
handelt es sich beim vorliegenden Stück um den Vertreter ei- 
ner neuen Art. 


Vorkommen: G. (O.) conjugata wird von STURANI 
(1971, 157) aus der subfurcatum-Zone der venetischen Alpen 
angeführt. 


Genus Parkinsonia BavLe, 1878 
Parkinsonia radıata Renz 


Tat. 3, Fig. 2 


1886/1887 Amm. Parkinson: planulatus - QUENSTEDT: 599, Taf. 71, 
Fig. 19. 

1904 Purkınsonia Parkınsonı SOW. var. radiata RENZ - RENZ: 77. 

1911 Parkınsonia radıata RENZ emend. WETZEL — WETZEL: 192, 
Taf. 15, Fig. 9-11. 

1913 Parkinsonia radıata RENZ — RENZ: 690, Taf. 28, Fig.13. 

1927 Parkinsonia radıata RENZ - DORN: 237, Taf. 5, Fig. 3, 4. 

1928 Parkınsonia radiata RENZ emend. WETZEL — NICOLESCO: 19, 
Taf. 1, Fig. 3-10. 

1931 Parkınsonia radiata RENZ — ERNI: 166. 

Material: 4 Exemplare (50-50 bis -53). Bei 50-51 ist der größte 
Teilder Wohnkammer erhalten, bei 50-50 und 50-32 ein kleiner Teil. 


Maße: Dm Nw% Wh% Wb% UR 

50-50 31 53 27 36 

50-51 36,5 51 27 35 32 
47 48 31 32 37 

50-52 27 50 28 35 32 


Beschreibung: Kleinwüchsige, extrem evolute Parkın- 
sonia mit niedrigem, breitovalem bis quadratischem Win- 
dungsquerschnitt. Auf den Innenwindungen ist der Quer- 
schnitt stets breiter als hoch, am Ende der Wohnkammer so 
hoch wie breit. Die Nabelwand ist niedrig und senkrecht. Die 
Berippung besteht aus leicht prorsiradiaten, scharfen Innen- 
rippen, die am Nabelrand beginnen und auf dem äußeren Teil 
der Flanke kleine, aber deutliche Knoten tragen. Von diesen 
gehen gewöhnlich 2 deutlich prorsiradiate Rippen aus, die al- 
ternierend an einer seichten Medianfurche enden. Einzelne 


Rippen laufen ohne Gabelung bis an die Medianfurche. Auf 
der Wohnkammer, die bei Exemplar 50-51 bei etwa 32 mm 
Dm beginnt, tritt eine leichte Involution ein, die Wh nimmt 
etwas zu und die Knoten an der Bifurkationsstelle verschwin- 
den. Die Lobenlinie weist einen trifiden L auf, der etwas tiefer 
als E ist. Der erste Seitenlobus ist breit und bedeutend niedri- 
ger als L. 

Bemerkungen: Die Innenwindungen unserer Exem- 
plare lassen sich ausgezeichnet mit P. radiata vergleichen. 
Bei Exemplar 50-51 (Taf. 3, Fig. 2) ist auf der Wohnkammer 
eine leichte Involution und deutliche Zunahme der Wh zu be- 
obachten. Es ähnelt damit P. rarecostata (Buckman). Von 
den sehr ähnlichen Arten P. rarecostata, P. depressa (QUEN- 
sSTEDT) und P. subarietis WETZEL, die beiden letzteren werden 
von GALacz (1980, 91) wohl zu recht zu P. rarecostata ge- 
stellt, unterscheidet sich P. radiata wahrscheinlich durch 
eine geringere Endgröße, durch etwas größere Evolution und 
breitere Windungen. P. bigoti NıcoLzsco (1928, 17, Taf. 1, 
Fig. 1-2) dürfte ebenfalls als synonym zu P. radiata zu be- 
trachten sein. 

Vorkommen: Oberes Bajocium (?garantiana — parkın- 
soni-Z.one) von Frankreich, Deutschland und dem Kaukasus. 


Parkinsonia cf. depressa (QUENSTEDT) 
Taf. 3, Fig. 7 


cf. 1931 Parkinsonia depressa QU. — SCHMIDTILL & KRUMBECK: 
863, Taf. 82, Fig. 5-6; Taf. 83, Fig. 2, 3, 5, 8, 9; Taf. 85, 
Fig. 4; Taf. 88, Fig. 6 (mit Synonymie). 

cf. 1973 Parkinsonia (P.) cf. depressa (QUENSTEDT) — PavIa: 121, 
Taf. 23, Fig. 3. 


Material: 2 Exemplare (50-64, -67). 


Beschreibung: Mäßig evolute Parkinsonia mit breit- 
ovalem Windungsquerschnitt und einer sehr schmalen und 
seichten Medianfurche. Die Innenrippen sind deutlich prorsi- 
radıat und teilen sich auf dem äußeren Flankendrittel in 2 
ebenfalls prorsiradiate Außenrippen. Die Bifurkationsstelle 
ist mit kleinen, undeutlichen Knoten versehen. 


Bemerkungen: Die Exemplare können am besten noch 
mit P. depressa verglichen werden. Von der ähnlichen P. ra- 
recostata unterscheiden sie sich durch größere Involution und 
deutlich breiteren Querschnitt. 


Vorkommen: P. depressa wird aus dem Oberbajocium 
(parkinsoni-Zone) bis ?Unterbathonium von Frankreich und 
Deutschland angeführt. 


Parkinsonia dorni ArkKELL 
at 32, E10.83 


1927 Parkinsonia ferruginea OPPEL — DORN: 231, Taf. 4, Fig. 5-6. 

1951 P. dorni sp. nov. — ARKELL: 9. 

1970 Parkinsonia dorni ARKELL —- HAHN: Taf. 4, Fig. 4-5 (Wieder- 
gabe der Originale von DORN 1927). 

1978 Parkinsonia dorni ARKELL — DIETL et al.: 12, Abb. 4. 


Material: 1 Exemplar (50-57). 
Maße: Dm Nw% Wh% Wb% UR 
33 39 37 34 33 


Beschreibung: Kleinwüchsige, mäßig evolute Parkin- 
sonia mit nur wenig höher als breitem, rechteckig-ovalem 
Windungsquerschnitt und deutlicher Medianfurche. Der 
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Nabelrand ist gerundet, die Nabelwand steil. Der Windungs- 
querschnitt ist bei Beginn der Wohnkammer (bei ca. 25 mm 
Dm) etwa so breit wie hoch, auf der Wohnkammer nimmt 
Wh rascher zu als Wb. Die Berippung besteht aus radiaten, 
kräftigen Innenrippen, die sich kurz über der Flankenmitte 
gabeln. Die Gabelungsstelle ist etwas betont, echte Knoten 
sind jedoch nicht ausgebildet. Einzelne Schaltrippen sind 
vorhanden. 


Bemerkungen: In der Skulptur, aber auch in der gerin- 
gen Endgröße läßt sich das Exemplar ausgezeichnet mit den 
Originalen bei Dorn vergleichen. 


Vorkommen: Oberbajocıum (parkinsoni-Zone) von 
Deutschland. 


Parkinsonia parkinsoni (SOWERBY) 


Tat, 3, Fig. 


1823 Ammonites Parkinsoni SOW. — SOWERBY: 1, Taf. 307, Fig. 1. 

1927/1928 Parkinsonia Parkinsoni SOWERBY — NICOLESCO: 30, 
Taf. 6, Fig. 3-13; Taf. 7, Fig. 1-4; Taf. 8, Fig. 1-2. 

1934 Parkinsonia Parkinsoni SOWERBY — RIVIERE: 103, Taf. 6, 
Fig. 1. 

1956 Parkinsonia (Parkinsonia) parkinsoni (J. SOWERBY)— ARKELL: 
143, Abb. 53 (Wiedergabe des Lectotyps). 

1964 Parkinsonia parkinsoni (SOW.) — LORENZ: 26, Abb. 5. 

1980 Parkinsonia (Parkinsonia) parkınsoni (SOWERBY, 1821) — GA- 
LAacZz: 93, Taf. 22, Fig. 5; Abb. 73, 74 (mit Synonymie). 


Material: 10 Exemplare (50-54 bis -56, -58 bis -62, —65, -66). 


Beschreibung: Es liegen mehrere Bruchstücke unter- 
schiedlicher Größe vor, die recht gut mit P. parkinsoni ver- 
glichen werden können. Es sind ziemlich evolute Formen, die 
auf den Innenwindungen (unter 30 mm Dm) einen quadra- 
tisch-ovalen Windungsquerschnitt haben, der später in einen 
rechteckigen übergeht. Die Innenrippen sind kräftig und mä- 
ig weitstehend. Sie beginnen am Nabelrand und gabeln sich 
ziemlich hoch auf der Flanke. Die Außenrippen sind deutlich 
prorsiradiat und enden alternierend an einer schmalen, seich- 
ten, aber deutlichen Medianfurche. Einzelne Schaltrippen 
sind vorhanden, die ohne Gabelung durchlaufen. 


Bemerkungen: Ausführliche Beschreibung und Ab- 
grenzung gegen ähnliche Arten s. Garacz (1980, 94). 


Vorkommen: P. parkinsoni ist im europäischen und 
mediterranen Raum weit verbreitet und kommt ım oberen 
Bajocium (parkinsoni-Zone) vor. 


Genus Morphoceras DouviLı£, 1881 
Morphoceras multiforme ARKELL 
Taf. 4, Fig. 6-7 


1846 Ammonites polymorphus, D’ORB. — ORBIGNY: 379, Taf. 124, 
Eie-al. 
1951 Morphoceras multiforme nom. nov. — ARKELL: 17. 
1971 Morphoceras multiforme ARKELL- HAHN: 33, Taf. 5, Fig. 1-5 
(mit Synonymie). 
Material: 8 Exemplare (50-142 bis -149). 


Maße: Dm Nw % Wh % Wb% 
50-147 12 21 44 55 
50-146 22 21 47 55 
50-144 24 26 39 60 
50-143 33 19 48 52 
50-142 29 29 41 50 
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Beschreibung: Globoses Morphoceras mit tiefem Na- 
bel, senkrechter Nabelwand und tiefen Einschnürungen, die 
quer durch die Rippen laufen. Die Berippung ist ähnlich wie 
bei M. macrescens (Buckman), das Externband ist sehr 
schwach ausgebildet. Nähere Beschreibung s. MAnGoLD 
(1970, 59-66). 


Bemerkungen: Auf den Innenwindungen ist M. maulti- 
forme M. macrescens sehr ähnlich, unterscheidet sich aber 
darin, daß Wb stets Wh übertrifft. Bei Beginn der Wohn- 
kammer ist M. macrescens deutlich evoluter. 


Vorkommen: Unterbathonium (zigzag-Zone) von Eng- 
land, Deutschland, Frankreich, Schweiz, Bulgarien und 
Nordafrika. 


Morphoceras macrescens (BUCKMAN) 
Taf. 4, Fig. 34 


1923 Patemorphoceras macrescens nov. — BUCKMAN: Taf. 376. 
1971 Morphoceras macrescens (S. BUCKMAN) — HAHN: 35, 121.25, 
Fig. 10-15 (mit Synonymie). 
Material: 12 Exemplare (50-119 bis -129, -132). 


Maße: Dm Nw% Wh% Wb% WUR/2 SR/2 
50-119 14 21 47 50 

50-120 50 26 41 32 48 
50-121 40 19 45 39 

50-122 36 17 47 39 

50-123 31 20 48 45 36 
50-124 32 20 46 39 45 
50-125 31 22 43 39 10 40 
50-126 30 22 43 


Beschreibung: Auf den Innenwindungen involutes 
Morphoceras mit senkrechter Nabelwand und rund-ovalem 
Windungsquerschnitt. Ab 15 mm Dm sind die Windungen 
fast immer höher als breit, die Nw ändert sich kaum. Erst ab 
45 mm Dm tritt eine deutliche Egression ein. Die Berippung 
besteht aus kurzen, leicht betonten Innenrippen, die sich kurz 
über dem Nabel gabeln. Pro Umgang kommen 6 bis 8 wenig 
tiefe Einschnürungen vor, die quer über die Rippen laufen. 
Die ersten Rippen nach der Einschnürung laufen parallel 
dazu, die darauffolgenden bilden dann einen spitzen Winkel 
zur nächsten Einschnürung. Alle Rippen enden an einer 
seichten Externfurche. 


Bemerkungen: Auf den Innenwindungen ist M. ma- 
crescens M. multiforme sehr ähnlich, jedoch sind die Win- 
dungen bei M. macrescens stets etwas höher als breit und die 
Einschnürungen nicht ganz so tief. M. egrediens WETZEL un- 
terscheidet sich in der geringeren Endgröße, könnte aber, wie 
Hann (1971, 40) bemerkt, als eine Variante von M. macres- 
cens aufgefaßt werden. 


Vorkommen: Unterbathonium (zigzag-Zone) von Eu- 
ropa und ? Nordafrika. 


Morpbhoceras aff. macrescens (BUCKMAN) 
Taf. 4, Fig. 5 
Material: 1 Exemplar (50-134). 


Maße: Dm Nw% Wh% Wb% WUR/2 SR/2 
26 24 46 40 7, 45 


Beschreibung: Kleines, mäßig evolutes Morphoceras 
mitrechteckig-ovalem Windungsquerschnitt und senkrechter 
Nabelwand. Die Berippung besteht aus leicht verdickten In- 
nenrippen und ziemlich feinen, dichtstehenden Außenrip- 
pen. Auffallend sind die häufigen, unregelmäßig verteilten 
Einschnürungen auf dem letzten Umgang (ca. 11). Die deut- 
lich prorsiradiaten Rippen enden etwas spitzwinkelig an ei- 
nem seichten Externband. 


Bemerkungen: Die Wohnkammer, bei der nur die 
Mündung fehlen dürfte, nimmt fast die gesamte letzte Win- 
dung ein. Bei Beginn der Wohnkammer tritt die sonst für die 
Gattung typische Egression nicht auf. So ist es möglich, daß 
es sich um ein nicht ausgewachsenes Exemplar handelt. 


Vorkommen: Wie M. macrescens. 


Morphoceras parvum WETZEL 
Taf. 4, Fig. 2 


1937 M. inflatum QU. sp. var. parva n. var. — WETZEL: 131, 
Taf. 14, Fig. 6. 
?1966 Morphoceras parvum WETZEL — STURANI: 37, Taf. 11, Fig. 1. 
?1970 Morphoceras parvum WETZEL, 1937 —- MANGOLD: 54, Taf. 3, 
Fig. 1-7; Abb. 2, 6, 9. 
Material: 1 mit 34mm Dm ausgewachsenes Exemplar mit 
Mundsaum (50-136) 


Maße: Dm Nw% Wh% Wb% UR/2 SR/2 
27 28 39 36 45 
33 33 33 30 14 44 


Beschreibung: Kleinwüchsiges, feinberipptes Morpho- 
ceras mit leicht hochovalem Windungsquerschnitt. Auf den 
Innenwindungen ist die Berippung korrodiert. Auf der 
Wohnkammer besteht sie aus leicht betonten, prorsiradiat 
gebogenen Innenrippen, die sich hoch auf der Flanke teilen. 
Der mittlere Flankenteil ist fast glatt. Die feinen, dichtstehen- 
den Sekundärrippen sind auf dem äußeren Flankendrittel gut 
sichtbar und enden an einer sehr schmalen, seichten Extern- 
furche. Auf der letzten Windung sind 4 seichte Einschnürun- 
gen zu erkennen. Die Wohnkammer beginnt bei 20 mm Dm 
und umfaßt fast eine ganze Windung. 


Bemerkungen: Der Holotyp von Werzer (1937, 
Taf. 14, Fig. 6) ist, wie vom Autor vermerkt und an der 
Egression der Windung erkennbar, ein ausgewachsenes Ex- 
emplar. Alle später dieser Art zugewiesenen Exemplare sind 
bedeutend größer, während unseres sehr gut damit überein- 
stimmt. Von der ähnlichen Art M. thalmannı ManGoLD un- 
terscheidet sich M. parvum, wie Mancoıp (1970, 56) be- 
merkt, durch die geringere Endgröße. Deshalb dürften die 
von Sturanı (1966) und MancGoıD (1970) als M. parvum be- 
stimmten Formen eher zu M. thalmannı gehören. 


Vorkommen: Unterbathonium von Frankreich. 


Morphoceras thalmanni MANGOoLD 
Taf. 4, Fig. 1 


1970 Morphoceras thalmanni n. sp. - MANGOLD: 56, Taf. 3, Fig. 
9-12; Abb. 2, 6, 10. 
Material: 1 ausgewachsenes Exemplar mit dem größten Teil der 
Wohnkammer (50-137). 


Maße: Dm Nw % Wh % Wb % 
44 29 37 30 
51 36 33 27 


Beschreibung: Scheibenförmiges, verhältnismäßig 
dicht beripptes Morphoceras. Auf der Wohnkammer besteht 
die Berippung aus leicht betonten, prorsiradiaten Innenrip- 
pen, die sich hoch auf der Flanke in feine Sekundärrippen tei- 
len. Der mittlere Teil der Flanke ist fast glatt. Bei Beginn der 
Wohnkammer tritt eine deutliche Egression auf. 


Bemerkungen: M. thalmanni zeigt, wie bereits er- 
wähnt, große Ähnlichkeit mit M. parvum, von dem es sich 
vor allem durch einen größeren End-Dm unterscheidet. 


Vorkommen: Unterbathonium (zigzag-Zone) von 
Frankreich. 


Morphoceras cf. patescens (BUCKMAN) 
Taf. 4, Fig. 10 


cf. 1922 Morphoceras cf. patescens (BUCKMAN) — BUCKMAN: 
Tat 351. 
cf. 1971 Morphoceras patescens ($. BUCKMAN) — HAHN: 37, Taf. 5, 
Fig. 7-9; Abb. 7b (mit Synonymie). 
Material: 4 kleine Innenwindungen (50-138 bis —141). 


Maße: Dm Nw% Wh% Wb% UR/2 SR/2 
50-138 24 31 40 50 30 


Beschreibung: Ein Morphoceras mit verhältnismäßig 
evoluten Innenwindungen und breitovalem Windungsquer- 
schnitt. Der Nabel ist tief, getreppt, mit senkrechter Nabel- 
wand. Die Berippung besteht aus kurzen Innenrippen, die 
sich kurz über dem Nabel in mäßig feine Sekundärrippen tei- 
len, die an einem deutlichen Externband enden. Bei Exemplar 
50-138 wurden auf dem letzten Umgang 8 Einschnürungen 
gezählt. 


Bemerkungen: Die Exemplare lassen sich in der etwas 
groben Berippung und der Nw mit M. patescens vergleichen. 
Eine sehr ähnliche Form bildet Harn (1971, Taf. 5, Fig. 10) 
als M. macrescens ab. 


Vorkommen:M. patescens ist aus dem Unterbathonium 
(zigzag-Zone) von England und Deutschland bekannt. 


Morphoceras dehmi SEYED-Emami n. sp. 
Taf. 4, Fig. 8, 9 


Holotypus: Exemplar 50-135, Taf. 4, Fig. 9. 
Paratypus: Exemplar 50-133, Taf. 4, Fig. 8. 
Stratum typicum: Dalichy-Formation. 


Locus typicus: Hangprofil 8 km E Abe-Garm bei Avaj), NW- 
Zentraliran. 


Derivatıo nominis: Die Art wird benannt zu Ehren von Herrn 
Prof. Dr. RICHARD DEHM, München. 


Material: 3 Exemplare (50-130, -133, -135). 


Maße: Dm Nw% Wh% Wb% UR/2 SR/2 
Holotyp 22 20 45 43 

28 28 39 36 11 54 
Paratyp 18 20 45 44 
50-130 19 21 45 47 


Diagnose: Sehr kleinwüchsige, feinberippte Art der Gat- 
tung Morphoceras mit ovalem Windungsquerschnitt und 
seichter, aber deutlicher Externfurche. 

Beschreibung: Der Holotyp ist ein fast vollständig er- 
haltenes Exemplar. Er ist sehr kleinwüchsig (End-Dm unter 
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30 mm), feinberippt, mit tiefem Nabel, senkrechter Nabel- 
wand und ovalem Windungsquerschnitt. Am Ende des 
Phragmokons ist er noch ziemlich involut, die Windung fast 
so breit wie hoch. Bei Beginn der Wohnkammer tritt eine 
leichte Egression ein, die Windung wird ein wenig höher als 
breit. Die größte Wb liegt unmittelbar am Nabel, die Flanken 
verjüngen sich leicht gegen die Externseite. 


Die Berippung besteht aus leicht betonten Innenrippen, die 
sich auf dem inneren Flankendrittel in sehr feine Außenrippen 
teilen. Diese enden an einer seichten, aber deutlichen Extern- 
furche. Auf dem letzten Umgang sind 7 deutliche Einschnü- 
rungen vorhanden. 


Der Paratyp stimmt in seinen Merkmalen weitgehend mit 
dem Holotyp überein. Bei ihm wurden auf dem letzten Um- 
gang 8 Einschnürungen gezählt. 


Bemerkungen: Da die Mündung nicht erhalten ist, ist 
die Zuordnung der neuen Art zur Gattung Morphoceras et- 
was fraglich. Dafür spricht jedoch, trotz des zwergenhaften 
Wuchses, die große Involution. Von allen bekannten Mor- 
phoceras-Arten unterscheidet sich die neue Art durch ihre 
extrem geringe Endgröße und von allen Ebrayiceras-Arten 
durch die große Involution. 


Genus Ebrayiceras Buckman, 1920 
Ebrayiceras sulcatum (ZiETEN) 
Taf. 3, Fig. 8-10 


v 1830 Ammonites sulcatus HEHL - ZiETEN: 6-7, Taf. 5, Fig. 3. 
1970 Ebrayiceras sulcatum (V. ZIETEN) — Hann: 42, Taf. 6, 
Fig. 1-6 (mit Synonymie). 
Material: 16 Exemplare (50-70 bis -76, -81, -82, -84, -85, -90, 
-93, -96 bis -98). 


Maße: Dm Nw% Wh% Wb% WUR/2 SR/2 
50-70 17 32 41 43 13 33 
50-72 19 37 38 42 30 
50-73 24 37 37 33 34 
50-74 21 37 35 35 34 
50-75 23 41 33 35 13 34 
50-76 25 42 33 32 14 38 
50-81 30 43 32 30 16 40 
50-82 33 45 32 30 18 39 


Beschreibung: Mäßig evolutes, verhältnismäßig fein be- 
rıpptes Ebrayiceras mit rundlich-ovalem Windungsquer- 
schnitt. Die Innenwindungen sind ziemlich involut, leicht 
aufgebläht und weisen häufige Einschnürungen auf (etwa 8 
pro Umgang). Auf den Innenwindungen sitzen um den Nabel 
kurze, knotenartig verdickte, prorsiradiate Innenrippen, die 
sich gewöhnlich in 2, seltener 3, leicht geschwungene Außen- 
rippen teilen. Auf der Wohnkammer werden die Innenrippen 
länger und schwächer, von denen meist nur 2 Außenrippen 
ausgehen. Alle Rippen enden, gewöhnlich alternierend, an 
einer scharf umrissenen, mäßig breiten Externfurche. Bei Be- 
ginn der Wohnkammer (etwa zwischen 16 mm und 25 mm 
Dm) tritt eine deutliche Egression ein, die Windungen wer- 
den deutlich flacher, die Wh nimmt ab. Einschnürungen feh- 
len oder sind sehr schwach ausgebildet. 


Bemerkungen: Wie bereits von allen Bearbeitern dieser 
Art hervorgehoben wurde, weist E. sulcatum eine große Va- 
riabilität auf. E. psendoanceps (Esray) wird mit Recht von 
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Mancoıp (1970) und Hann (1970) als jüngeres Synonym zu 
E. sulcatum betrachtet. Von der sehr ähnlichen Art E. fili- 
costatum unterscheidet sich E. sulcatum durch etwas gröbere 
und weniger dichte Berippung. In unserem Material sind viele 
Exemplare, die zwischen den beiden Arten vermitteln. 


Vorkommen: E. sulcatum ist eine weit verbreitete Art 
und kommt im unteren Bathonium (zigzag-Zone) von Eu- 
ropa bis Nordafrika vor. 


Ebrayiceras filicostatum \WETZEL 
Taf. 3, Fig. 5-6 


1937 Ebrayıceras filicostata n. sp. - WETZEL: 133, Taf. 14, Fig. 7. 
1970 Ebrayiceras filicostata WETZEL — MANGOLD: 95, Taf. 7, 
Fig. 7-8 (mit Synonymie). 
Material: 22 Exemplare (50-77 bis -80, -86, -88, -94, -95, —99 
bis -111). 


Maße: Dm Nw% Wh% Wb% UR/2 SR/2 
50-109 18 35 39 33 15 41 
50-106 21 38 36 33 

50-105 23 42 35 29 18 40 
50-102 25 33 41 

50-103 27 41 32 31 18 50 
50-100 30 40 34 28 20 56 
50- 99 31 39 34 29 18 46 
50- 94 34 40 32 28 18 42 


Beschreibung: E. fılicostatum stimmt in seinen Merk- 
malen weitgehend mit E. sulcatum überein. Von E. sulca- 
tum unterscheidet es sich vor allem durch feinere und dichtere 
Berippung. Außerdem sind insbesondere die Innenwindun- 
gen bei E. filicistatum weniger aufgebläht. Bei näherer varia- 
tionsstatistischer Bearbeitung könnte es sich als feinerrippige 
Variante von E. sulcatum herausstellen. 


Vorkommen: Unterbathonium (zigzag-Zone) von Eng- 
land, Frankreich, Portugal und Deutschland. 


Ebrayiceras cf. problematicum (GEMMELLARO) 


Taf.3, Fig. 4 
cf. 1877 Perisphinctes problematicus, GEMM. — GEMMEL- 
LARO: 145, Taf. 19, Fig. 1. 
v 1970  Ebrayiceras cf. problematicum (GEMMELLARO) — 


HAHN: 46, Taf. 6, Fig. 7-8 (mit Synonymie). 
Material: 6 Exemplare 50-83, -112 bis -116). 


Maße: Dm Nw% Wh% Wb% UR/2 SR/2 
50-116 14 36 39 53 9 22 
50-114 17 41 35 45 

23 43 34 37 13 30 
50-115 24 37 35 38 30 
50-113 30 44 33 33 15 35 


Beschreibung: Etwas aufgeblähtes, evolutes, grobbe- 
ripptes Ebrayiceras. Vor allem die Innenwindungen sind 
ziemlich aufgebläht und stets deutlich breiter als hoch. Bei 
Beginn der Wohnkammer werden die Windungen schmäler, 
Wb und Wh gleichen sich aus. Die Berippung ist ähnlich wie 
bei E. sulcatum, jedoch, insbesondere auf den Innenwindun- 
gen, etwas gröber. 


Bemerkungen: Da vom Holotyp nur eine alte Zeich- 
nung vorhanden ist, ist die Zuordnung von Material zu dieser 


Art schwierig. Unsere Exemplare könnten, sensu HAHN 
(1970), hierher gehören. Sie könnten aber auch eine Extrem- 
form von E. sulcatum oder eine neue Art darstellen. Eine 
sehr ähnliche Form bilden Derance et al. (1979, Taf. 2, 
Fig. 2) als E. jactatum ab. 


Vorkommen:E. problematicum wird aus dem Unterba- 
thonium (zigzag-Zone) von Deutschland, Frankreich und Si- 
zilien erwähnt. 


Genus Leptosphinctes Buckman, 1920 
Leptosphinctes sp. 
Tat.5,,Eıg.25 


Material: 2 teilweise korrodierte und vollständig gekammerte 
Steinkerne (50-165, -166). 


Maße: Dm Nw% Wh% Wb% UR 
50-165 35 49 29 26 42 
28 50 32 29 44 


Beschreibung: Die Stücke sind sehr evolut. Die Nabel- 
wand ist zunächst steil, weiter vorn etwas flacher und geht 
allmählich in die Flanke über. Die Flanken, die auf den inne- 
ren Windungen deutlich konvex, auf der Außenwindung 
leicht konvex sind, gehen fließend in die schwach gewölbte 
Externseite über. Der Windungsquerschnitt ist gerundet 
rechteckig, etwas höher als breit. Die größte Wb liegt in der 
Nähe des Nabels. 


Die nicht besonders kräftige Berippung erscheint durch 
Einschnürungen (5 auf dem letzten Umgang) etwas unregel- 
mäßig. Die Rippen beginnen in der Nähe der Naht und ver- 
laufen mehr oder weniger radiat über die Flanken. Sie teilen 
sich etwas außerhalb der Flankenmitte in meist 2, gegen die 
Mündung zu, auch in 3 Sekundärrippen. Die Rippen sind auf 
der Externseite unterbrochen und stehen sich gegenüber. 


Bemerkungen: Die beiden Stücke lassen sich am ehesten 
vergleichen mit Leptosphinctes (subg. ?) torguis (PARONA) in 
Sruranı (1971, Taf. 15, Fig. 7) von Monte Meletta, Nordita- 
lien, subfurcatum- Zone und Leptosphinctes (Cleistosphinc- 
tes) n. sp. ind. in: Pavıa (1973, Taf. 27, Fig. 5) von Chaudon, 
SE-Frankreich, subfurcatum-Zone. Das Exemplar von Stu- 
RANI ist enger genabelt, gröber berippt und besitzt einen brei- 
teren Querschnitt. Das Stück von Pavıa ıst auf den inneren 
Windungen gröber, auf der Außenwindung etwas dichter be- 
rippt. Außerdem ist die Rippenspaltung etwas verschieden. 


Vorkommen: Oberes Bajocıum. 


Genus Vermisphinctes Buckman, 1920 
Vermisphinctes aff. vermiformis BUCKMAN 
Taf.5, Eig.,3 


cf. 1973 Leptosphinctes (Vermisphinctes) cfr. vermiformis (S. 
BUCKMAN) — Pavia: 132, Taf. 27, Fig. 2. 
Material: 9 z. T. unvollständig erhaltene Innenwindungen 
(50-150, -152, -154, -163, -164, -164/1, -169, -171, -175). 


Maße: Dm Nw% Wh% Wb% UR SR 
50-164 42 48 31 29 56 19 
50-163 34 44 32 32 58 18 
50-150 28 43 32 32 54 18 
50-152 18 44 31 33 53 17 


Beschreibung: Die Stücke sind evolut. Die Nabelwand 
ist steil und geht rasch in die Flanken über, ohne eine eindeu- 
tige Kante zu bilden. Die Flanken sind auf den inneren Win- 
dungen gewölbt, werden weiter außen flacher und gehen all- 
mählich in die gewölbte Externseite über. Der Windungs- 
querschnitt ist auf den inneren Windungen rundlich, weiter 
außen gerundet rechteckig, dann hochoval. Die größte Wb 
liegt auf den inneren Windungen um Flankenmitte, auf äuße- 
ren in Nabelnähe. 


Die Berippung ist recht dicht, auf inneren Windungen 
ziemlich fein, nach vorn wird sie kräftiger. Die Rippen begin- 
nen an der Naht, ziehen prorsiradiat über die Flanke und sind 
gerade. Die meisten Rippen sind biplikat, ein Teil ungespal- 
ten. Die Spaltpunkte liegen auf ”/; der Flankenhöhe. Die Se- 
kundärrippen ziehen schwach nach vorn gebogen über die 
Externseite. Pro Umgang sind 2-3 Einschnürungen vorhan- 
den. 


Bemerkungen: Die Exemplare stimmen habituell gut 
mit dem von Pavıa (1973) von Chadon, SE-Frankreich, par- 
kinsoni-Zone abgebildeten Stück überein. Sie sind auf den in- 
neren Windungen etwas feiner berippt, der Windungsquer- 
schnitt scheint insgesamt schlanker zu sein. Der Typ von 
Buckman (1920, Taf. 162) ist weniger dicht berippt, sein 
Windungsquerschnitt ist rundlicher. Im Berippungstyp 
stimmen die iranischen Exemplare mit den beiden angeführ- 
ten Originalen überein. 


Vorkommen: Vermisphinctes kommt im oberen Bajo- 
cıum vor (Moore 1957, 314). 


Vermisphinctes sp. 
Taf. 5, Fig. 6 


Material: 7 korrodierte und unvollständig erhaltene Innenwin- 
dungen (50-151, -153, -155, -157, -158, -178, -196). 

Bemerkungen: Diese Stücke unterscheiden sich von 
V. aff. vermiformis durch die größere Nw, den rundlichen 
Windungsquerschnitt und dadurch, daß die Rippen schon bei 
geringerem Dm weiter auseinanderstehen. 


Genus Procerites SIEMIRADZKI, 1898 
Procerites tmetolobus BUCKMAN 
Taf. 5, Fig. 4 


1958 Procerites tmetolobus S. BUCKMAN — ARKELL: 191, Taf. 25, 
Fig. 3. 
Material: 1 vollständig gekammerter Steinkern (max. Dm 
57 mm) (50-162). 


Maße: Dm Nw % Wh % UR 
5% 40 35 40 
45 42 33 44 


Beschreibung: Das Exemplar ist mäßig evolut. Die Na- 
belwand ist steil und geht rasch in die Flanke über, ohne eine 
echte Kante zu bilden. Die Flanken sind leicht konvex und 
gehen allmählich in die hochgewölbte Externseite über. Der 
Windungsquerschnitt ist hochoval, die größte Wb liegt am 
Nabel. 


Die Berippung ist kräftig. Die Rippen sind prorsiradiat, 
schwach konkav bis gerade und beginnen auf der Nabelwand, 
wobei an der Naht ein freies Band bleibt. Sie teilen sich in der 
äußeren Flankenhälfte in 2 Sekundärrippen, die leicht nach 
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vorn gebogen über die Externseite hinwegziehen. Einzelne, 
undeutliche Einschnürungen sind vorhanden. 


Bemerkungen: Das von Arkeıı (1958) abgebildete Ex- 
emplar aus den zigzag-Schichten bei Yeovil, England, stimmt 
im Gesamthabitus mit dem iranischen überein. Allerdings 
läßt sich über den Querschnitt nichts aussagen, der beim Ar- 
kELL’schen Stück nicht abgebildet ist. 


Vorkommen: Der Holotyp stammt aus dem unteren Ba- 
thonium (Buckman 1923, Taf. 416). 


Genus Zigzagiceras BUCKMAn, 1902 
cf. Zigzagiceras sp. 
Taf. 5, Big. 7 


Material: 1 stark korrodierter Steinkern von 26 mm Dm 
(50-159). 

Beschreibung: Auf dem letzten '/; Umgang sind kräfti- 
ge, prorsiradiate Rippen zu erkennen, die im äußeren Flan- 
kendrittel nach vorn abknicken. Sie teilen sich dann in 2 bis 
3 Sekundärrippen auf. Die Sekundärrippen ziehen, mehr 
oder weniger nach vorn geschwungen, über die Externseite. 
Das Stück ist evolut. Der Windungsquerschnitt ist gerundet 
quadratisch mit gewölbter Externseite. Die Flanken erschei- 
nen flach. 


Bemerkungen: In Nw und Berippung besteht Ähnlich- 
keit mit Zigzagiceras torrensi variecostatum STURANI (1966, 
Taf. 19, Fig. 5). Am vorliegenden Stück sind allerdings die 
Parabelbildungen nicht mit Sicherheit zu erkennen. Möglı- 
cherweise deutet aber das Abknicken der Rippen im externen 
Flankenteil darauf hin. 


Vorkommen: Die Gattung Zigzagiceras kommt im un- 
teren Bathonium vor (Moore 1957, 315). Das Exemplar von 
STURANI stammt aus dem Unterbathonium (macrescens- 
Zone) von Bas Auran. 


Genus Siemiradzkia Hyatt, 1900 
Siemiradzkia aurigera (Obere) 
Tatıs,Eig: 2 


1958 Siemiradzkia (Siemiradzkia) auriıgera (OPPEL, 1857) — WE- 
STERMANN: 78, Taf. 36, Fig. 4. 
1969 Siemiradzkia anrigera (OPPEL) — HAHN: 40, Taf. 1, Fig. 4. 


Material: 1 leicht korrodierter Steinkern von max. 41 mm Dm 
(50-160). 
Maße: Dm Nw% Wh% Wb% UR 
35 46 31 31 43 


Beschreibung: Das Exemplar ist evolut, ”/; des letzten 
Umganges sind Wohnkammer. Die Nabelwand steht fast 
senkrecht und geht fließend in die Flanke über. Die Flanken 
sind leicht konvex und gehen allmählich in die gewölbte Ex- 
ternseite über. Der Windungsquerschnitt ist auf der Außen- 
windung gerundet quadratisch, auf inneren Windungen brei- 
ter als hoch, gerundet rechteckig. Die größte Wb liegt in der 
Nähe des Nabelrandes. 


Die Berippung ist dicht. Die UR beginnen an der Naht, 
sind prorsiradiat, leicht konvex oder gerade. Sie gabeln sich 
im äußeren Flankendrittel oder sind ungespalten. Die Rippen 
überqueren die Externseite gerade, ohne Unterbrechung. Auf 
dem letzten Umgang sind ca. 8 Parabelbildungen vorhanden. 
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Bemerkungen: Große Ähnlichkeit in der Skulptur weist 
das bei WESTERMANN (1985, Taf. 36, Fig. 4) abgebildete Ex- 
emplar von Eimen, NW-Deutschland, Unterbathonium auf. 
Es scheint aber der Windungsquerschnitt etwas breiter zu 
sein. Das Original zu Hann (1969, Taf. 1, Fig. 4) aus dem 
Unterbathonium von Oberdorf bei Bopfingen/Württ. 
stimmt bis zu einem Dm von ca. 30 mm überein. Der vordere 
Teil der Windung ist dann gröber berippt. In der Rippen- 
dichte auf dem äußeren Windungsteil stimmt das Stück mit 
Siemiradzkia procera (SEEBACH) in \WESTERMANN (1958, 
Taf. 34, Fig. 1, 2) überein. Ähnlichkeit besteht auch mit 
S. stephanovi ManGoın (1970, Taf. 5, Fig. 5) von Premey- 
zel/Ain, SE-Frankreich, Unterbathonium. S$. stephanovi 
scheint etwas enger genabelt zu sein. Am Ende des Phragmo- 
kon sind die Rippen deutlich konvex, außerdem scheint sich 
die Skulptur auf dem vorderen Teil der Wohnkammer zu ver- 
ändern. Diese Merkmale sind bei dem iranischen Stück nicht 
zu beobachten. 


Vorkommen: Für die oben angeführten Arten wird als 
Vorkommen Unterbathonium angegeben. 


Siemiradzkia procera (SEEBACH) 
Tan. 5, Biesil 


1958 Procerites (Phaulozigzag) procerus (V. SEEBACH, 1864) — WE- 
STERMANN: 77, Taf. 34, Fig. 2. 


Material: 1 vollständig gekammerter, einseitig korrodierter 
Steinkern von max. 50 mm Dm (50-161). 


Maße: Dm Nw % Wh % UR 
46 46 33 42 


Beschreibung: Das Exemplar ist evolut. Die Nabel- 
wand steht steil, verflacht auf dem vordersten Windungsteil 
und geht kontinuierlich in die Flanke über. Die Flanken sind 
konvex und gehen fließend in die gewölbte Externseite über. 
Der Windungsquerschnitt (bei 36 mm Dm) ist breiter als 
hoch, nierenförmig. Auf äußeren Windungsteilen scheint er 
schlanker zu werden. 


Die Berippung besteht aus ziemlich kräftigen, leicht prorsi- 
radiaten, geraden oder schwach konkaven UR, die in der 
Nähe der Naht beginnen und sich, bis auf einzelne ungespal- 
tene Rippen, auf etwa '/; Flankenhöhe gabeln. Die Sekundär- 
rippen überqueren leicht nach vorn geschwungen die Extern- 
seite. Auf einem Umgang sind bis zu 5 Parabelbildungen vor- 
handen. Bei Dm 35 mm und 50 mm ist je eine Einschnürung 
vorhanden. 


Bemerkungen: Das iranische Exemplar stimmt fast voll- 
ständig mit dem Original zu WESTERMANN überein. 


Vorkommen: Nach WEsTErMAnN (1958) stammt sein 


Exemplar aus dem Unterbathonium von Eimen/Hils, NW- 
Deutschland. 


DISKUSSION 


Zum ersten Mal wird aus der unteren Dalichy-Formation 
eine größere Anzahl von Ammoniten beschrieben. Die Am- 
monitenfauna umfaßt Arten des oberen Bajocium (subfurca- 
tum-, garantiana- und parkinsoni-Zone) und des unteren Ba- 
thonium (zigzag-Zone), wobei Arten aus der parkinsoni- 
und zigzag-Zone deutlich überwiegen (vgl. Tab. 1). Die 
Fauna läßt sich ausgezeichnet mit denen aus Mittel- und 
Nordwesteuropa bekanntgewordenen vergleichen. Sie zeigt 
aber auch gewisse Tendenzen zum mediterranen Raum, wo- 
bei es sich bei den vergleichbaren Arten meist nicht um ty- 
pisch mediterrane Formen handelt. Bemerkenswert ist, wie 


auch sonst im Jura von Nord- und Zentraliran, die große Sel- 
tenheit von Lytoceraten und Phylloceraten. Von etwa 200 be- 
arbeiteten Stücken entfallen 5 auf die Gruppe der Phyllocera- 
ten; Lytoceraten konnten nicht beobachtet werden. 


Paläobiogeographisch ist es auffallend, daß die vorliegende 
Fauna keine Beziehungen zur Arabischen Halbinsel und zu 
der, allerdings mangelhaft bekannten, Fauna von Südwestiran 
zeigt. Damit dürfte Nord- und Zentraliran, wie im ganzen 
Mesozoikum, als Südrand von Eurasia angesehen werden 
(SEvED-Emami 1971, 1981). 


MITTELBATHON IUM 
OBERBAJOC IUM | UNTERBATHON IUM OBERBATHONIUM 
garantiana parkinsoni zigzag 
Oe. westermanni G. dichotoma nodosa o. pleurifer Ox. limosus Oe. serrigerus 
G. conjugata Oe. nodifer Ox. yeovilensis (0e. splendens) 
Leptosphinctes Po. linguiferus 0x. seebachi (D. delectum) 
P. radiata Oe. bomfordi 
P. depressa C. 'extinctus 
P. dorni Po. rozyckii 
P. parkinsoni Po. globosus 
V. vermiformis M. multiforme 
M. macrescens 
M. parvum 
M. thalmanni 
M. patescens 
E. sulcatum 
Tabelle 1: E. filicostatum 
Verteilung der Ammoniten-Arten E. problematicum 
des Oberbajocium - Bathonium im Profil Pr. tmetolobus 
ca. 4 km südwestlich Sagiznab (vgl.Abb.3). Zigzagiceras 
Die in Klammer gesetzten Arten sind S. aurigera 


aus der Umgebung von Shirgesht. 


S. procera 
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ABKÜRZUNGEN 


Dm Durchmesser in mm 

Nw% Nabelweite in % des Dm 

Nw Nabelweite 

Wb% Windungsbreite in % des Dm 

Wb Windungsbreite 

Wh % Windungshöhe in % des Dm 

Wh Windungshöhe 

K Anzahl der Knoten pro Umgang 

SR Anzahl der Sekundärrippen (Außenrippen) auf 10 UR 
SR/2 Anzahl der Sekundärrippen auf /; Umgang 

UR Anzahl der Umbilikalrippen (Innenrippen) pro Umgang 
UR/2 Anzahl der Umbilikalrippen auf /, Umgang 


Das Material wird vorläufig in der Bayerischen Staatssammlung 
für Paläontologie und historische Geologie, München, aufbewahrt. 


SCHRIETENVERZETEFLNITIS 


AFSHAR-HARB, A. (1979): Stratigraphy, tectonics and petroleum 
geology of the Koppet-Dagh region, Northern Iran. — Un- 
publ. thesis, Univ. London: 239 $.; London. 

AGHANABATI, $. A. (1977): Etude geologique de la region de Kal- 
mard (W. Tabas).- Geol. Surv. Iran, Rep., 35: 1-230, 8 Taf., 
46 Abb.; Tehran. 

ALAVI-NAINI, M. (1972): Etude geologique de la region de Djam. — 
Geol. Surv. Iran, Rep., 23: 1-288, 77 Fig., 82 Abb.; Tehran. 

ALLENBACH, P. (1966): Geologie und Petrographie des Demavand 
und seiner Umgebung (Zentral-Elburz), Iran. — Mitt. geol. 
Inst. E. T. H. Zürich, N. F., 63: 144 S.; Zürich. 

ANNELLES, R. N.;R.$. ARTHURTON;R. A. BAZLEY & R. G. Davies 
(1975): Explanatory text of the Qazvin and Rasht Quadrang- 
les Map, 1:250000.- Geol. Surv. Iran, Geol. Quadrangles E3, 
E4: 94 S., 13 Taf., 30 Abb.; Tehran. 

ARKELL, W. J. (1951-1958): A monograph of the English Bathonian 
ammonites. — Palaeontogr. Soc., 1950-1958: 1-264, Taf. 
1-33, Abb. 1-83; London. 

— — (1951a): A Middle Bathonian ammonite fauna from Schwan- 
dorf, Northern Bavaria. — Schweiz. Palaeont. Abh., 69 (1): 
1-18, Taf. 1-3; Basel. 

— — (1956): Jurassic geology of the world. — 806 S., 46 Taf., 
102 Abb., 27 Tab.; Edinburgh, London (Oliver & Boyd 
Ltd.). 

ASARJAN, I. R. (1982): Jurassische Ammoniten Armeniens. — Akad. 
Nauk Armensk. SSR: 193 $.,34 Taf.,2 Tab.; Erewan (in rus- 
sisch). 

ASSERETO, R.; P. D. W. BARNARD & N. FANTINI SESTINI (1968): Ju- 
rassic stratigraphy of Central Elburz (Iran). — Riv. Ital. Pale- 
ont., 74 (1): 3-21, 2 Abb., 11 Tab.; Milano. 

BENTZ, A. (1928): Über Strenoceraten und Garantianen insbesondere 
aus dem mittleren Dogger von Bielefeld. — Jb. preuß. geol. 
Landesanstalt, 49: 138-206, Taf. 14-19; Berlin. 

BOLOURCHI, M. H. (1977): Etude geologique de la region d’Avaj 
(NW de P’Iran). - Geol. Surv. Iran, Rep., 45: 233 S., 5 Taf., 
52 Abb.; Tehran. 

— — (1979): Explanatory text of the Kabadur Ahang Quadrangle 
Map, 1:250000.-Geol. Miner. Surv. Iran, Geol. Quadrangle 
D5: 107 S., 18 Abb.; Tehran. 

BUCKMAN, S$. S. (1909-1930): Yorkshire type ammonites. — 7 Bde., 
773 Taf.; London (Wesley & Son, u. a.). 

Daviss, R. G.;C.R. JONES; B. HAMZEPOUR & G. C. CLARK (1972): 
Geology of the Masuleh Sheet, 1:100000. - Geol. Surv. Iran, 
Rep., 24: 110 S., 14 Abb.; Tehran. 

DELANGE, J. H.;B. LAURIN & D. MARCHAND (1979): Observation 
sur la stratigraphie du Bathonien et du Callovien inferieur dans 
la region de Saint-Benin-d’Azy (Nievre). - Bull. sci. Bour- 
gogne, 32 (2): 71-95, Taf. 1-3; Dijon. 


DELLENBACH, ]J. (1964): Contribution ä l’etude geologique de la re- 
gion situee A l’est de Teheran. — These Univ. Strasbourg: 
120 S., 12 Taf., 4 geol. Karten, 43 Abb.; Strasbourg. 

DIETL, G. (1974): Zur Stratigraphie und Ammonitenfauna des Dog- 
ger, insbesondere des Oberbajocium der westlichen Keltiberi- 
schen Ketten (Spanien). — Stuttgarter Beitr. Naturk., B, 14: 
21 5., 3 Taf., 7 Abb., 1 Tab.; Stuttgart. 

— — (1981): Zur systematischen Stellung von Ammonites subfur- 
catus ZIETEN und deren Bedeutung für die subfurcatum-Zone 
(Bajocium, Mittl. Jura). — Stuttgarter Beitr. Naturk., B, 81: 
11 S., 1 Taf.; Stuttgart. 

— — ‚R. FLaıG & E. GLÜCK (1978): Zur Stratigraphie des Ober- 
Bajocıum (Braunjura Ö/£ -Grenzschichten) am Plettenberg 
bei Balingen, Württemberg. — Stuttgarter Beitr. Naturk., B, 
40: 16 S., 5 Abb.; Stuttgart. 

Dorn, P. (1927): Die Ammonitenfauna der Parkinsonienschichten 
bei Thalmässing (Frankenalb). — Jb. preuß. geol. Landesan- 
stalt, 48: 225-251, Taf. 4-7, 15 Abb.; Berlin. 

EMı, S. (1971): Les faunes ä Prohecticoceras (Oppeliidae, Ammoni- 
tina) du Bathonien inferieur et moyen des confins algero-mo- 
ricains. — Geobios, 4(4): 243-264, 2 Taf., 2 Abb.; Lyon. 

ERNI, A. (1931): Decouverte du Bathonien fossilifere dans l’Elbourz. 
— Eclogae geol. Helv., 24 (2): 64-165; Basel. 

GAaLÄcZ, A. (1980): Bajocian and Bathonian ammonites of Gyenes- 
puszta, Bakony Mts., Hungary. — Geol. Hungarica, Ser. Pa- 
leont., 39: 227 S., 36 Taf., 110 Abb.; Budapest. 

GEMMELLARO, G. G. (1872-1882): Sopra alcune faune giuresi e lasi- 
che della Sicilia. Studi paleontologici. — 434 S., 31 Taf.; Pa- 
lermo (Lao). 

GROSSOUVRE, A. (1930): Notes sur le Bathonien moyen. - Livre jubi- 
laire, Centenaire Soc. geol. France, 2: 361-387, Taf. 3940; 
Parıs. 

HAHN, W. (1968): Die Oppeliidae BONARELLI und Haploceratidae 
ZITTEL (Ammonoidea) des Bathoniums (Brauner Jura & ) im 
südwestdeutschen Jura. — Jh. geol. Landesamt Baden-Württ., 
10: 7-72, Taf. 1-5, 10 Abb.; Freiburg. 

— — (1969): Die Perisphinctidae STEINMANN (Ammonoidea) des 
Bathoniums (Brauner Jura & ) im südwestdeutschen Jura. — 
Jh. geol. Landesamt Baden-Württ., 11: 29-86, Taf. 1-9, 
11 Abb.; Freiburg. 

— — (1970): Die Parkinsoniidae S. BUCKMAN und Morphocerati- 
dae HyATT (Ammonoidea) des Bathoniums (Brauner Jura & ) 
im südwestdeutschen Jura. — Jh. geol. Landesamt Baden- 
Württ., 12: 7-62, 8 Taf., 8 Abb.; Freiburg. 

— — (1971): Die Tulitidae S. BuUCKMAN, Sphaeroceratidae 
S. BUCKMAN und Clydoniceratidae S. BUCKMAN 
(Ammonoidea) des Bathoniums (Brauner Jura & ) im süd- 
deutschen Jura. — Jb. geol. Landesamt Baden-Württ., 13: 
55-122, Taf. 1-9, 13 Abb.; Freiburg. 


74 


KLyvEr, H. M.; L. TIRRUL; P. N. CHANCE; G. W. JOHNS& H.M. 
MEIKER (a, im Druck): Explanatory text of the Naybandan 
Quadrangle Map, 1:250000. - Geol. Miner. Surv. Iran, Geol. 
Quadrangle JS; Tehran. 

— — ‚R.]J. GRiFFIS; L. TIRRUL; P. N. CHANCE; H.M. MEIKXER (b, 
im Druck): Explanatory text of the Lakar Kuh Quadrangle 
Map, 1:250000. - Geol. Miner. Surv. Iran, Geol. Quadrangle 
]9; Tehran. 

Korik, J. (1974): Genus Cadomites MUNIER-CHALMAS, 1892 (Am- 
monitina) in the Upper Bajocian and Bathonian of the Cra- 
cow-Wielun Jurassic range and the Göry Swietokrzyskie 
Mountains (Southern Poland). — Inst. Geol., Biul., 276 (7): 
7-53, Taf. 1-11; Warszawa. 

Krystyn, L. (1972): Die Oberbajocium- und Bathonium-Ammoni- 
ten der Klaus-Schichten des Steinbruches Neumühle bei Wien 
(Österreich). - Ann. naturhist. Mus. Wien, 76: 195-310, 
24 Taf., 29 Abb.; Wien. 

LissaJous, M. (1923): Etude sur la faune du Bathonien des environs 
de Macon. - Trav. Lab. geol. Lyon, 5: 1-273, Taf. 1-33; 
Lyon. 

LORENZ, C. (1964): Die Geologie des oberen Karadj-Tales 
(Zentral-Elburz), Iran. — Thesis Univ. Zürich: 113 S., 
36 Abb., 1 geol. Karte; Zürich. 

MADANI, M. (1977): A study of the sedimentology, stratigraphy, and 
regional geology of the Jurassic rocks of Eastern Koppet- 
Dagh (NE Iran). - Unpubl. thesis Royal School of Mine, Im- 
perial College London: 246 S.; London. 

MANGOLD, C. (1970): Morphoceratidae (Ammonitina - Perisphinc- 
taceae) bathoniens du Jura meridional, de La Nievre et du Por- 
tugal. - Geobios, 3 (1): 43-130, Taf. 3-7, 38 Abb.; Lyon. 

— — (1970): Stratigraphie des etages Bathonien et Callovien du Jura 
meridional. -— Docum. Lab. geol. Fac. Sci. Lyon, 41(1): 
379 S., 16 Taf., 160 Abb.; Lyon. 

MOORE, R. C. (Herausgeber, 1957): Treatise on invertebrate paleon- 
tology, Part L, Mollusca 4, Cephalopoda, Ammonoidea. — 
XXII + 490 S., 558 Abb.; New York (Geol. Soc. America, 
Univ. Kansas Press). 

NIcoLEsco, C.-P. (1927/1928): Etude monographique du genre 
Parkinsonia. - Mem. Soc. geol. France, N. S., Tome IV, 
Fasc. 2, M&m. 9 (1927): 140, Taf. 1-10, Abb. 1-16; Tome V, 
Fasc. 1, Mem. 9 (1928): 41-84, Taf. 11-16, Abb. 17-35); Pa- 
ris. 

ORBIGNY, A. D’ (1842-1849): Paleontologie frangaise. Terrains ooli- 
tiques ou jurassique, 1 (Text + Atlas): 642 S., 234 Taf.; Paris 
(Orbigny, Masson). 

PAvIa, G. (1973): Ammoniti del Baiociano superiore di Digne (Fran- 
cia SE, dip. Basses-Alpes). - Boll. Soc. Paleont. Ital., 10(2), 
1971: 75-142, Taf. 13-29, 8 Abb., 3 Tab.; Modena. 

QUENSTEDT, F. A. (1886/1887): Die Ammoniten des Schwäbischen 
Jura. II. Band. Der Braune Jura, Text + Atlas: 441-815, Taf. 
55-90; Stuttgart (Schweizerbart). 

REnZ, C. (1904): Der Jura von Daghestan. - N. Jb. Miner., Geol., 
Palaeont., 1904 (2): 71-85, 4 Abb.; Stuttgart. 

— — (1913): Zur Geologie desöstlichen Kaukasus. -N. Jb. Miner., 
Geol., Palaeont., Beil.-Bd., 36: 651-703, Taf. 27-29; Stutt- 
gart. 

RiviEre, A. (1934): Contribution & l’etude geologique de l’Elbourz 
(Perse). - Rev. Ge£ogr. Phys. Geol. dynam., 7 (1-2): 194 S., 
14 Taf.; Paris. 

ROLLIER, L. (1911): Les facies du Dogger ou oolithique dans le Jura et 
les regions voisins. — 352 $.; Zürich (Georg & Cıe.). 
ROMAN, F. & PETOURAND, C. (1927): Etude sur la faune du Bajocien 
superieur du Mont d’Or, Lyonnais (Ciret). 1. Cephalopodes. 
- Trav. Lab. geol. Univ. Lyon, Fasc. 11, Me&m. 9: 1-55, Taf. 

1-7; Lyon. 

RUTTNER, A; M. H. NaBavı & J. HADJIAN (1968): Geology of the 
Shirgesht area (Tabas area, East Iran). - Geol. Surv. Iran, 
Rep., 4: 133 S., 5 Taf., 1 geol. Karte, 38 Abb.; Tehran. 


SCHMIDTILL, E. & KRUMBECK, L. (1931): Über die Parkinsonien- 
Schichten Nordbayerns mit besonderer Berücksichtigung der 
Parkinsonien-Schichten Nordwestdeutschlands. — Jb. preuß. 
geol. Landesanstalt, 51: 819-894, Taf. 82-91; Berlin. 

SEYED-EMAMI, K. (1971): The Jurassic Badamu Formation in the 
Kerman region; remarks on the Jurassic stratigraphy of Iran. — 
Geol. Surv. Iran, Rep., 19: 1-80, 15 Taf., 8 Abb.; Tehran. 

— — & ArYAI, A. A. (1981): Ammoniten aus dem unteren Ceno- 
man von Nordostiran (Koppeh-Dagh). — Mitt. Bayer. 
Staatsslg. Paläont. hist. Geol., 21: 23-39, Taf. 6-9, 1 Abb.; 
München. 

SOWERBY, J. (1823): The mineral conchology of Great Britain, IV: 
160 S., Taf. 307-407; London (Arding). 

STEIGER, R. (1966): Die Geologie der West-Firuzkuh-Area (Zentral- 
elburz/Iran). — Mitt. geol. Inst. E.T.H. u. Univ. Zürich, 
N. $.: 145 S., 5 Taf., 1 geol. Karte, 54 Abb.; Zürich. 

STEPHANOV, J. (1963): Bathonian ammonites of the superfamily Ste- 
phanocerataceae in Bulgaria. — Trav. geol. Bulgarie, Ser. Pale- 
ont., 5: 167-209, 6 Taf.; Sofia. 

— — (1966): The Middle Jurassic ammonite genus Oecotraustes 
WAAGEN. — Trav. geol. Bulgarie, Ser. Paleont., 8: 29-69, 
7 Taf., 3 Abb.; Sofia. 

STÖCKLIN, J.;M. NABAVI& M. SAMIMI (1965 a): Geology and mine- 
ral resources of the Soltanieh Mountains (Northwest Iran). — 
Geol. Surv. Iran, Rep., 2: 44 $., 3 Taf., 1 geol. Karte, 
17 Abb.; Tehran. 

— — ,]. EFTEKHAR-NEZHAD & A. HUSHMAND-ZADEH (1965 b): 
Geology of the Shotori Range (Tabas area, East Iran). - Geol. 
Surv. Iran, Rep., 3: 69 S., 2 Taf., 1 geol. Karte, 33 Abb.; 
Tehran. 

STURANI, C. (1967): Ammonites and stratigraphy of the Bathonian in 
the Digne — Barreme Area (South-eastern France, Dept. Bas- 
ses-Alpes). — Boll. Soc. Paleont. Ital., 5 (1), 1966: 1-57, 
24 Taf., 4 Abb.; Modena. 

— — (1971): Ammonites and stratigraphy of the “Posidonia alpi- 
na” beds of the Venetian Alps (Middle Jurassic, mainly Bajo- 
cıian). -— Mem. Ist. Geol. Miner. Univ. Padova, 28: 1-190, 
16 Taf., 46 Abb.; Padova. 

Sussuı, P. E. (1976): The geology of the lower Haraz Valley area, 
Central Alborz, Iran. — Geol. Surv. Iran, Rep., 38: 116 S., 
5 Taf., 1 geol. Karte, 55 Abb., 5 Tab.; Tehran. 

WAAGEN, W. (1869): Die Formenreihe des Ammonites subradiatus. 
- Geogn.-palaeont. Beitr., 2: 179-356, Taf. 16-20; München. 

WESTERMANN, G. (1954): Monographie der Otoitidae (Ammonoi- 
dea). Otoites, Trilobiticeras, Itinsaites, Epalxites, Germani- 
tes, Masckeites (Pseudotoites, Polyplectites) Normannites. — 
Beih. geol. Jb., 15: 364 S., 33 Taf., 149 Abb., 5 Tab.; Han- 
nover. 

— — (1958): Ammoniten-Fauna und Stratigraphie des Bathonien 
NW-Deutschlands. — Beih. geol. Jb., 32: 103 S., 49 Taf., 
9 Abb.; Hannover. 

— — (1983): The Upper Bajocıian and Lower Bathonian (Jurassic) 
ammonite faunas of Oaxaca, Mexico and west-tethyan affıni- 
ties. — Paleontologia Mexicana, 46 (1981): 63 S., 11 Taf., 
6 Abb.; Mexico, D. F. 

WETZEL, W. (1911): Faunistische und stratigraphische Untersuchung 
der Parkinsonienschichten des Teutoburger Waldes bei Biele- 
feld. — Palaeontographica, 58: 139-277, Taf. 11-20, 52 Abb.; 
Stuttgart. 

— — (1937): Studien zur Paläontologie des nordwestdeutschen Ba- 
thonien. — Palaeontographica, A, 87: 77-157, Taf. 10-15, 
14 Abb.; Stuttgart. 

— — (1950): Fauna und Stratigraphie der Württembergica-Schich- 
ten insbesondere Norddeutschlands. — Palaeontographica, A, 
99: 61-120, Taf. 7-9; Stuttgart. 

ZIETEN, C. H. v. (1830): Die Versteinerungen Württembergs. — 
102 S., 72 Taf.; Stuttgart (Expedition des Werkes unserer 
Zeit). 


TArBEN 


Soweit nichts anderes angegeben, sind die Stücke in natürlicher Größe abgebildet. Alle Stücke stammen 
aus der Umgebung von Abe-Garm, bis auf die Exemplare 64-NH-77a + b, die aus der Gegend von 
Shirgesht sind (Taf. 1, Fig. 10, 11). 
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Tafel 1 


Oxycerites cf. limosus (BUCKMAN). 

Exemplar 50-21. 

Exemplar 50-23. 

Oppelia pleurifer (BUCKMAN) 50-27. 

Oxycerites yeovilensis (ROLLIER), 50-16. 

Oxycerites seebachi (WETZEL), 50-26. 

Oecotraustes (Oecotraustes) cf. bomfordi ARKELL 50-11. X2. 
Oecotraustes (Paroecotraustes) aff. serrigerus (WAAGEN), 50-8. 
Oecotraustes (Oecotraustes) westermanni STEPHANOV, 50-1. 
Oecotraustes (Oecotraustes) aff. nodıfer BUCKMAN, 50-13. 
Oecotraustes (Paroecotraustes) splendens ARKELL, 64-NH-77a. X2. 
Delecticeras delectum ARKELL, 64-NH-77b. x2. 
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Tafel 2 


Cadomites ?sp. nov, 50-30. 

Cadomites extinctus (QUENSTEDT), 50-32. 

Polyplectites rozyckii KOPIK, 50-36. X2. 

Polyplectites linguiferus (ORBIGNY), 50-38. X2. 

Polyplectites rozyckii KOPIK, 50-35. a: X2. b: X 1,5. 

Polyplectites sp., 5047. 

Polyplectites linguiferus (ORBIGNY), 5043. 

Garantiana (Psendogarantiana) dichotoma nodosa BENTZ, 50-63. X2. 
Garantıana (Psendogarantiana) cf. conjugata (QUENSTEDT), 50-49. X 1,5. 
Polyplectites aff. globosus WESTERMANN, 50-31. 
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Tafel 3 


Parkinsonia parkinsoni (SOWERBY), 50-56. 
Parkinsonia radıata RENZ, 50-51. 
Parkinsonia dorni ARKELL, 50-57. 
Ebrayiceras cf. problematicum (GEMMELLARO), 50-113. 
Ebrayiceras filicostatum WETZEL. 

Exemplar 50-100. 

Exemplar 50-94. 

Parkinsonia cf. depressa (QUENSTEDT), 50-67. 
Ebrayiceras sulcatum (ZIETEN). 

Exemplar 50-72. 

Exemplar 50-81. 

Exemplar 50-82. 
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Tafel 4 


Morphoceras thalmanni MANGOLD, 50-137. 
Morphoceras parvum WETZEL, 50-136. 
Morphoceras macrescens (BUCKMAN). 
Exemplar 50-120. 

Exemplar 50-123. 

Morphoceras aff. macrescens (BUCKMAN), 50-134. 
Morphoceras multiforme ARKELL. 

Exemplar 50-142. 

Exemplar 50-143. 

Morphoceras dehmi SEYED-EMAMIn. sp. 
Exemplar 50-133, Paratyp. X 1,5. 

Exemplar 50-135, Holotyp. 

Morphoceras cf. patescens (BUCKMAN), 50-138. 
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Tafel 5 


Siemiradzkia procera (SEEBACH), 50-161. 
Siemiradzkia aurigera (OPPEL), 50-160. 
Vermisphinctes aff. vermiformis BUCKMAN, 50-164. 
Procerites tmetolobus BUCKMAN, 50-162. 
Leptosphinctes sp., 50-165. 

Vermisphinctes sp., 50-155. 

cf. Zigzagiceras sp., 50-159. 

Lissoceras sp., 50-202. 

Holcophylloceras sp., 50-203. 

Partschiceras sp., 50-200. 
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Die Kreideammoniten des Glaukonitkalkes 
(O. Alb- ©. Cenoman) des Kolah-Qazi-Gebirges 
südöstlich von Esfahan (Zentraliran) 


Von 


HARALD IMMEL & KAZEM SEYED-EMAMI*) 


Mit 5 Abbildungen, 2 Tabellen und 7 Tafeln 


KURZEASSUNG 


Die reiche Ammonitenfauna des Glaukonitkalkes des Ko- 
lah-Qazi-Gebirges (Zentraliran) wird zusammenfassend dar- 
gestellt. 13 Gattungen mit insgesamt 38 Species werden dabei 
erstmals aus dem Zentraliran beschrieben. Eine neue Art wird 
aufgestellt: Borissiakoceras iranense. 


Die Ammoniten erlauben eine stratigraphische Einstufung 
des Glaukonitkalkes vom obersten Alb bis ins basale Oberce- 
noman. Die bereits früher geäußerte Feststellung, daß es sich 


bei dem Glaukonitkalk um einen Kondensationshorizont 
handelt, kann damit eindeutig bestätigt werden. 


Die Fauna zeigt engste Beziehungen zum nördlich gemä- 
Rigten Bereich. Der Zentraliran gehört damit biogeogra- 
phisch zur borealen Hopliten-Provinz. Er muß daher in der 
mittleren Kreide bereits in enger räumlicher Beziehung zum 
Eurasiatischen Kontinent gestanden haben. 


ENBSIERA GT. 


The paper reviews in detail the rich ammonite fauna of the 
glauconitic limestone of the Kolah-Qazi-mountains (Central 
Iran). 13 genera and 38 species are described for the first time 
from this region. One new species is established: Borissiako- 
ceras iranense. 


The ammonites indicate a stratigraphic age from the up- 
permost Albıan to the lowermost Upper Cenomanian. This is 


in agreement with an earlier opinion, that the glauconitic 
limestone is a condensed sequence. 


The fauna shows very close relationship to the north tem- 
perate region. This implies, that biogeographically the Cen- 
tral Iran is part of the boreal hoplitinid province. Therefore, it 
must have been situated close to Eurasia in mid-Cretaceous 
time. 
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EINEETEUNG 


Die Arbeit soll nach einer knappen geologischen Einfüh- 
rung (Abschnitt 1) einen umfassenden Überblick über unsere 
derzeitige Kenntnis der Kreideammoniten des Glaukonitkal- 
kes des Kolah-Qazi-Gebirges südöstlich von Esfahan (Zen- 
traliran) geben (Abschnitt 2). Sie bildet damit eine Zusam- 
menfassung und beträchtliche Erweiterung der Erkenntnisse, 
die seit den späten 60er Jahren gewonnen und teilweise publi- 
ziert wurden (SEYED-Emami et al. 1971, SEvEp-Emamı 1977, 
Kennepy et al. 1979, SEYED-EmaMI 1982). 


Eine umfassende Übersicht scheint — abgesehen von der 
möglichst vollständigen Beschreibung einer Lokalfauna - aus 
zwei Gründen wünschenswert. 


Zum einen besteht durch die neuerdings von KEnnepy etal. 
(1979: 42) vorgebrachten Zweifel Unklarheit über die strati- 
graphische Reichweite des Glaukonitkalkes. Diese Zweifel 
können durch eine detaillierte Beschreibung der Gesamtfauna 
ausgeräumt werden. Eine begründete und nachvollziehbare 
Bestätigung der ersten Befunde von SevED-Emami etal. (1971) 
ist nunmehr möglich (Abschnitt 3). 


Zum anderen besitzt der mittlere Osten eine paläogeogra- 
phische Schlüsselposition in der heute heftig diskutierten 
Frage über die Konfiguration der östlichen Tethys im Meso- 
zoikum. Zu dieser Diskussion kann die hier beschriebene 
Fauna und die Analyse ihres paläobiogeographischen Cha- 
rakters einen Beitrag leisten (Abschnitt 4). 
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Im Kolah-Qazi-Gebirge ist ein bedeutender Teil der Krei- 
deschichten der Umgebung von Esfahan aufgeschlossen 
(Abb. 1). Die maximal bis zu 1000 m mächtigen Sedimente 
umfassen den Zeitraum Barreme — Campan (?Maastricht), 
und wurden von SeveD-Emami et al. (1971) in die seither ge- 
bräuchlichen lithostratigraphischen Einheiten unterteilt 


(Abb. 2). 


Eine ausführliche Darstellung der historischen Entwick- 
lung der Kenntnisse, seit der Entdeckung von Kreidesedi- 
menten in der Umgebung von Esfahan durch Stanı (1897), 
wird ebenfalls durch Seyep-Emami et al. (1971: 6f) gegeben 
(vgl. auch Seven-Emamı 1977: 126 ff). 


Besonders auffallend an dem Sammelprofil der Abbil- 
dung 2 ist der extrem geringmächtige - maximal nur zwei Me- 
ter messende — Horizont des Glaukonitkalkes. Lithologisch 
handelt es sich um einen äußerst harten, dunklen, sandig- 
glaukonitischen Kalkstein, der zahlreiche Makrofossilien, 
insbesondere Brachiopoden, Ammoniten und Echiniden ent- 


hält. 


Der Glaukonitkalk ist regional nicht auf den hier betrachte- 
ten Bereich beschränkt, sondern kann ebenso im NE von Es- 
fahan angetroffen werden, etwa in der Gegend von Zefreh 
(vgl. SEyeD-Emanmi 1977: Abb. 2). Die bisher reichsten Fossil- 
aufsammlungen stammen aber aus dem Kolah-Qazi-Gebirge, 
so daß speziell für dieses Gebiet verläßliche stratigraphische 
und paläobiogeographische Daten gewonnen werden kön- 
nen. 


Abb. 2: Lithostratigraphisches Sammelprofil der Kreidesedimente 
des Kolah-Qazi-Gebirges. Das Profil entspricht einer, durch das 
Schichtglied 4 ergänzten, Kompilation der Profile A und B in Abbil- 
dung 1. 1: Unterer Orbitolinen-Kalk, 2: Schiefertone und Mergel mit 
Orbitolinen, 3: Oberer Orbitolinen-Kalk, 4: Leymeriellen-Kalk, 5: 
Beudanticeras-Tonschiefer, 6: Glaukonitkalk, 7: Inoceramen-Kalk, 
8: Echiniden-Mergel. Die hier untersuchten Ammoniten stammen 
alle aus dem Glaukonitkalk (Pfeil). (Verändert nach SEYED-EMAMI et 
al. 1971: Abb. 4 und 5). 
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2.SYSTEMATISCHENWIBERSE@EIT 
ÜBER DIE AMMONITENFAUNA 


Die bisher vollständigste Übersicht über die Ammoniten- 
fauna des Glaukonitkalkes des Kolah-Qazi-Gebirges gibt 
SEvED-EmaMı (1977: 128 f) in einer provisorischen Liste, ın der 
39 Arten aufgeführt werden. Durch die seitdem durchgeführ- 
ten Untersuchungen von Kennepy et al. (1979) und von 
SEYED-EMmanMı (1982), sowie die Bemühungen der beiden Au- 
toren (diese Arbeit) konnte die Liste nunmehr mit Beschrei- 
bungen und Abbildungen untermauert und wesentlich er- 
gänzt werden. 


In diesem Abschnitt soll ein vollständiger Überblick über 
die bisher bekannte Ammonitenfauna vermittelt werden. 
Deshalb wird - neben den zahlreichen Originalbeschreibun- 
gen — auch auf bereits publizierte Arten bzw. Gattungen mit 
entsprechender Quellenangabe verwiesen. 


Die systematische Anordnung der Fauna entspricht dem 
Entwurf von ©. W. WricHT (1981) für die Neuauflage des 
„, Treatise“. Auf einzelne strittige Punkte oder Abweichun- 
gen wird hingewiesen. 


Verzeichnis der benutzten Abkürzungen und Maßangaben: 


D _ Gehäusedurchmesser (Werte in mm) 

L _ Gehäuselänge bei heteromorphen Ammoniten (Werte in mm) 

Wh Windungshöhe (Werte in mm, Angaben in Klammern geben 
den prozentualen Anteil an, bezogen auf den Gehäusedurch- 
messer) 

Wb Windungsbreite (Werte ect. s. bei Wh) 

Nw Nabelweite (Werte ect. s. bei Wh) 


Das Material wird vorläufig in der Bayerischen Staatssammlung für 


Paläontologie und historische Geologie unter der Nummer 67-SE-... 
aufbewahrt. 


Abmessungen: D Wh 


ORDNUNG AMMONOIDEA Zırrer 1884 
UNTERORDNUNG AMMONITINA Hyarr 1889 
ÜBERFAMILIE HAPLOCERATACEAE Zırrer 1884 
FAMILIE BINNEYITIDAE Reese 1927 


Gattung Borissiakoceras ARKANGELSKY 1916 


Borissiakoceras iranense n. sp. 
(Taf. 1, Fig. 1) 

Holotyp: 67-SE-50-1 

Derivatıo nominis: Benannt nach dem Iran, auf dessen 
Gebiet die neue Art gefunden wurde. 

Locus typicus: Kolah-Qazi-Gebirge, südöstlich von 
Esfahan (Zentraliran). 

Stratum typicum: Mittelcenoman - basales Oberceno- 
man. Eine genauere Einstufung ist derzeit noch nicht mög- 
lich. Die Angabe beruht darauf, daß die Gattung Borissiako- 
ceras nach bisheriger Kenntnis erst im Mittelcenoman ein- 
setzt (vgl. KEnneDy & JuiGnEr 1984: 95), und der Glaukonit- 
kalk des Kolah-Qazi-Gebirges den Zeitraum oberstes Alb — 
basales Obercenoman repräsentiert. 


Diagnose: Relativ großwüchsiger Borissiakoceras mit 
kräftigen Umbilikalknoten und weitstehenden, schwach 
prorsiradiaten Rippen. 

Material: 1 Exemplar (67-SE-50-1). 

Beschreibung: Das einzige vorhandene Exemplar um- 


faßt eine halbe Windung, mit dem Ende des Phragmokons 
und dem Beginn der Wohnkammer. 


Wb Wh/Wb Nw 


67-SE-50-1 3353 


Die Aufrollung ist evolut, die Windungshöhe nimmt rasch 
zu. Der Querschnitt ist hochrechteckig, mit abgerundeter 
Umbilikalkante, subparallelen Flanken und gleichmäßig ge- 
rundeter breiter Externseite. 


Die Skulptur besteht am Ende des Phragmokons aus weit- 
stehenden, schwach prorsiradiaten Rippen, die zur Extern- 
seite zu etwas vorbiegen. Sie setzen entweder an der Umbili- 
kalkante —- überwiegend an kräftigen Knoten - ein, oder er- 
scheinen erst auf der Flanke. Zur Externseite zu verbreitern 
sich die Rippen und schwellen an, die Externseite selbst wird 
abgeschwächt gequert. Auf der Wohnkammer verschwinden 
die Rippen rasch vollständig, während die Umbilikalknoten 
fortbestehen. Die letzte halbe Windung trägt insgesamt drei 
Umebilikalknoten. 

Die Lobenlinie ist- wenn auch nur unvollständig- deutlich 
zu erkennen. Sie zeigt auf der tieferen Flanke die für Borissia- 
koceras typischen flachen, gerundeten Loben und die nur 
schwach gekerbten, breiten Sättel. 


Beziehungen: Die geringe Größe, der Querschnitt und 
vor allem die Lobenlinie weisen die neue Artals Vertreter der 
Binneyitidae aus. Aus dieser kleinen Familie kommt nur die 
Gattung Borissiakoceras infrage, da Binneyites RezsınE 1927 


13 (0,41) 


9 (0,29) 1,44 9 (0,29) 


und Johnsonites CossAan 1961 extrem involut aufgerollt sind, 
während Falciferella Casey 1954 dichte falcate Rippen be- 
sitzt. 


Innerhalb der Gattung Borisszakoceras läßt sich die hier be- 
schriebene Form aufgrund ihrer Skulptur keiner der bisher 
bekannten Arten zuordnen. 


So sind bei B. mirabile ArKANGELSKY 1916 allenfalls auf 
dem Phragmokon extern schwache Rippen angedeutet. 
B. orbıiculatum STEPHENSON 1955, B. inconstans COBBAN & 
Gryc 1961 und B. ashurkoffae CosBan & Gryc 1961 besit- 
zen in bestimmten ontogenetischen Stadien (meist auf dem 
Phragmokon) Ventrolateralknoten, ebenso wie B. reesidei 
Morrow 1935 und B. aplatum Morrow 1935, die beide dar- 
über hinaus noch deutlich involut sind. B. compressum Coß- 
BAN 1961 ist ebentalls sehr involut und weist feine sıchelför- 
mige Rippen auf. Nur bei B. rosenkrantzi BirKELUND 1965 
werden echte Rippen ausgebildet. Diese sind allerdings — wie 
die dazwischenliegenden Fadenrippen - sigmoidal ge- 
schwungen. Außerdem unterscheidet sich B. rosenkrantzi 
durch das Fehlen von Umbilikalknoten und die involutere 
Aufrollung deutlich von dem hier beschriebenen Borissiako- 
ceras. 


Die für die Gattung einmalig kräftige Skulptur, mit Umbi- 
likalknoten und schwach konkaven Rippen, rechtfertigt wohl 
die Aufstellung einer neuen Art. 


Verbreitung: Das stratigraphische Alter von B. ira- 
nense kann nur sehr grob angegeben werden, da das einzige 
bisher vorliegende Exemplar ein unhorizontierter Lesestein 
aus dem Glaukonitkalk des Kolah-Qazi-Gebirges ist, der 
oberstes Alb-basales Obercenoman umfaßt. Eine Einengung 
dieses langen Zeitraumes auf seinen jüngeren Abschnitt kann 
dagegen aus der Verbreitung der Gattung geschlossen wer- 
den, da diese bisher nur aus dem mittleren und oberen Ceno- 
man, sowie dem unteren Turon und Coniac beschrieben 
wurde. 


Von B. iranense liegt bisher nur der Holotyp aus dem Zen- 
traliran vor. 


ÜBERFAMILIE DESMOCERATACEAE Zırter 1895 
FAMILIE DESMOCERATIDAE Zırrer 1895 
UNTERFAMILIE PUZOSIINAE SpartH 1922 

Gattung Puzosia BayıE 1878 
Untergattung Puzosia (Puzosia) BayıE 1878 


Puzosia (Puzosia) cf. subplanulata (SCHLUTER 1871) 
Material: 3 Exemplare (67-SE-51-1/3). 


Beschreibung: Bei den vorliegenden Puzosien handelt 
es sich um sehr unvollständige und schlecht erhaltene Phrag- 
mokon-Bruchstücke, deren größtes (67-SE-51-1) eine 
knappe halbe Windung umfaßt. Seine starke Verdrückung 
läßt keine verläßlichen Angaben der Abmessungen zu. Die 
halbe Windung zeigt drei breite und tiefe, sigmoidal ge- 
schwungene Einschnürungen. 


Die kleineren Bruchstücke (67-SE-51-2/3) besitzen einen 
Querschnitt mit wenig gewölbten Flanken und breit gerunde- 
ter Externseite. Die Skulptur besteht aus auf der äußeren 
Flanke konkav geschwungenen Rippen, die auf der Extern- 
seite weit nach vorne gebogen sind. 


Beziehungen: Die Skulpturmerkmale zeigen deutlich 
die Zugehörigkeit zu P. (Puzosia). Eine sichere artliche 
Zuordnung ist bei der Unvollständigkeit des Materials aber 
nicht möglich. Trotzdem läßt sich sagen, daß es sich vermut- 
lich um Vertreter der Art P. (P.)subplanulata handelt. Dafür 
spricht die Größe und die verhältnismäßig grobe Berippung, 
durch die sich P. (P.)subplanunlata vor allem von der nahver- 
wandten Art ?P. (P.)mayorıana (D’Orsıcny 1841) unterschei- 
det (vgl. die ausführliche Diskussion der beiden Arten in In- 
MEL 1979: 616 ff). 


Verbreitung: Bereits Kennepy et al. (1979: 24; Taf. 2, 
Fig. 7) beschreiben aus dem Glaukonitkalk des Kolah- 
Qazi-Gebirges eine Puzosia, die höchstwahrscheinlich zu 
P.(P.)subplanulata zu stellen ist. Aber auch in diesem Falle 
verhindert die schlechte Erhaltung eine sichere artliche 
Zuordnung. 


P. (P.)subplanulata kommt im Unteren und Mittleren Ce- 
noman vor und wurde bisher aus England, Frankreich, den 
Bayerischen Alpen, der Tschechoslowakei, Ungarn und der 
südlichen UdSSR beschrieben. 
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Puzosia (Puzosia) cf. otosulcata (SHARPE 1857) 


Beschreibung und Abbildung von Material aus dem Ko- 
lah-Qazi-Gebirge: s. KENNEDY etal. 1979: 24; Taf. 1, Fig. 13. 


Gattung Austiniceras SPATH 1922 


Austiniceras ? sp. juv. 


Beschreibung und Abbildung von Material aus dem Ko- 
lah-Qazi-Gebirge: s. KEnneDy et al. 1979: 25; Taf. 2, Fig. 6. 


ÜBERFAMILIE HOPLITACEAE H. Dowvırı£ 1890 
FAMILIE HOPLITIDAE H. Douvırı£ 1890 
UNTERFAMILIE HOPLITINAE H. Douwviı£ 1890 
Gattung Hyphoplites SrarH 1922 


Hyphoplites falcatus interpolatus WRIGHT & WRIGHT 1949 
(lat. 1, Big: 2) 
1980 Hyphoplites falcatus interpolatus WRIGHT & WRIGHT, 1949. — 
MARCINOWSKI, $. 274; Taf. 7, Fig. 6-7 (mit Synonymie). 
1984 Hyphoplites falcatus interpolatus WRIGHT & WRIGHT. — KEN- 
NEDY & JUIGNET, $. 111; Abb. 9m, g, r. 

Material: 1 Exemplar (67-SE-23-3). 

Beschreibung: Das äußerst unvollständige Exemplar 
umfaßt nur ein Bruchstück von 21 mm Länge. Der Quer- 
schnitt ist wesentlich höher als breit, mit flachen, leicht kon- 
vergierenden Flanken und deutlich abgesetzter, ebenfalls fla- 
cher Externseite. 


Die Skulptur besteht aus breiten Sichelrippen, die z. T. auf 
der äußeren Flanke bifurkieren. Extern sind kräftige, stark 
clavate Knoten ausgebildet, an denen 2-3 der Rippen zusam- 
menlaufen. Die Externseite besitzt zwei Kiele, zwischen de- 
nen eine tiefe und breite Furche verläuft. 


Beziehungen: Die Aufspaltung der Rippen auf der hö- 
heren Flanke und ihr Zusammenlaufen in clavaten Extern- 
knoten verweisen auf die Unterart A. falcatus interpolatus. 


Von dieser unterscheiden sich die nächstverwandten Un- 
terarten, H. falcatus falcatus (ManteLı 1822) durch das Feh- 
len einer Rippenaufspaltung, und A. falcatus aurora WRIGHT 
& WRricHT 1949 durch die deutlich schwächer entwickelten 
Externknoten. 


Verbreitung: A. falcatus interpolatus tritt im Unterce- 
noman auf und ist bisher aus dem Anglo-Pariser Becken, der 
Schweiz und der südlichen UdSSR bekannt. Aus dem Zentral- 
iran wird die Unterart hier zum erstenmal beschrieben. 


Hyphoplites pseudofalcatus SEMENOv 1899 
(IakslsnEiE. 3) 
1980 Hyphoplites psendofalcatus (SEMENOV, 1899). — MARCINOWS- 
K1, $. 276; Taf. 7, Fig. 13-16; Taf. 8, Fig. 1 (mit Synonymie). 
1984 Hyphoplites curvatus psendofalcatus (SEMENOV). — KENNEDY 
& JUIGNET, $. 118; Abb. 3k-m, Abb. 8, a-b, d-f. 

Material: 1 Exemplar (67-SE-23-2). 

Beschreibung: Das äußerst schlecht erhaltene Bruch- 
stück von 26,5 mm Länge zeigt auf den Flanken eine feine sı- 
chelförmige Berippung. Die Rippen enden extern in unteren 
und oberen Marginalknoten. Die Externseite ist durch eine 
tiefe Furche ausgezeichnet. 
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Beziehungen: Die auffallend feine und dichte Berip- 
pung, sowie die schwach entwickelten unteren Marginalkno- 
ten weisen das Exemplar als H. psendofalcatus aus. Von der 
nächstverwandten Art, H. curvatus, unterscheidet sich 
H. pseudofalcatus durch die schwächeren unteren Marginal- 
knoten. Die Art H. falcatus (MAnteıL 1822) besitzt kräfti- 


gere Rippen. 


Verbreitung: H. psendofalcatus ist eine verhältnismäßig 
seltene Art des Untercenomans und bisher aus dem Anglo- 
Pariser Becken und der südlichen UdSSR bekannt. Die Art 
wird hier erstmals auch aus dem Zentraliran beschrieben. 

Hyphoplites costosus WRIGHT & WRIGHT 1949 
(Taf. 1, Fig. 4, 5 pars) 
1984 Hyphoplites costosus WRIGHT & WRIGHT. — KENNEDY & JU- 
IGNET, $. 116; Abb. 3g-j; p; Abb. $h (mit Synonymie). 
Material: 2 Exemplare (67-SE-23-1/11 pars). 


Beschreibung: Beide Exemplare sind sehr unvollständig 
erhalten. 67-SE-23-1 ıst ein Bruchstück von 20 mm Länge, 
67-SE-23-11 (pars) ein solches von 12 mm, das in der Mün- 
dung eines Hyphoplites arausionensis arausionensis steckt. 

Beide Stücke zeigen feine und dichte Sichelrippen, die vor 
der externen Furche enden, ohne dabei Knoten auszubilden. 

Beziehungen: Das Fehlen jeglicher Beknotung kenn- 
zeichnet die Exemplare eindeutig als H. costos#s und unter- 


scheidet sie von anderen feinberippten Arten, etwa H. pseu- 
dofalcatus. 


Abmessungen: D Wh 


Verbreitung: H. costosus ist eine seltene Art, die bisher 
nur aus dem Untercenoman des Anglo-Pariser Beckens be- 
kannt ist. Sie wird hier erstmals auch aus dem Zentraliran be- 
schrieben. 


Hyphoplites arausionensis arausionensıis 
(HERBERT & MUNIER-CHALMAS 1875) 
(Taf. 1, Fig.,5) 


1979 Hyphoplites arausionensis arausionensis (HERBERT and MU- 
NIER-CHALMAS, 1875). - KENNEDY etal., S. 27; Taf. 2, Fig. 2, 
8 (mit Synonymie). 

1980 Hyphoplites arausionensis (HERBERT & MUNIER-CHALMAS, 
1875). - MARCINOWSKI, $. 280; Taf. 8, Fig. 12-13 (mit Syno- 
nymie). 

1981 Hyphoplites aransionensis arausionensis (HERBERT & MU- 
NIER-CHALMAS). — SEYED-EMAMI & ARYAI, $. 27, Taf. 6, 
Fig. 8 (mit Synonymie). 

1982 Hyphoplites aransionensis arausionensis (HERBERT & MU- 
NIER-CHALMAS 1875). — Hıss, S. 192; Abb. 7, Fig. 15-16 (mit 
Synonymie). 

1984 Hyphoplites curvatus aransionensis (HERBERT & MUNIER- 
CHALMAS). — KENNEDY & JUIGNET, $. 118; Abb. 3n, o, s-t; 
Abb. 8g, i-j, o-p; Abb. 9n-p; Abb. 10b-d, f-h (mit Syno- 
nymie). 


Material: 1 Exemplar (67-SE-23-11). 


Beschreibung: Das etwas verdrückte vollständige Ex- 
emplar umfaßt neben dem Phragmokon auch einen Teil der 
Wohnkammer. 


Wb Wh/Wb Nw 


67-SE-23-11 ca. 42 15 


Die Aufrollung ist mäßig evolut, der Querschnitt hoch- 
rechteckig mit schwach konvergierenden Flanken. 


Die Skulptur des Phragmokons besteht aus verhältnismä- 
Rig schwachen proversen Umbilikalknoten und unteren so- 
wie oberen Marginalknoten, wobei die letzteren etwas kräfti- 
ger ausgebildet sind. Zwischen je einem Umbilikalknoten und 
zwei Paaren von Marginalknoten verlaufen undeutliche, brei- 
te, etwas geschwungene Rippen. Auf der Wohnkammer ver- 
schwinden die Knoten allmählich, während schmale und rela- 
tiv schwache Sichelrippen auftreten. 


Beziehungen: Über die genauen systematischen Bezie- 
hungen der Unterart besteht unter den verschiedenen Bear- 
beitern bisher keine Einigung (vgl. die Synonymieliste). In 
Anlehnung an die Diskussion in SEvED-EmAaMI & Aryaı (1981: 
28) wird das Exemplar hier zu 7. arausionensis aransionensis 
gestellt. 


Durch die relativ schwach entwickelten Umbilikalknoten 
und die verhältnismäßig schmale Windungsbreite unterschei- 


14,5 1,03 10,5 


det sich diese Unterart von der nächstverwandten, FH. aran- 
sionensis crassofalcatus. 

Verbreitung: H. aransionensis arausionensis tritt im 
Untercenoman auf. 

Die Unterart ist aus dem Anglo-Pariser Becken, dem 


Norddeutschen Kreidebecken, der südlichen UdSSR, sowie 
dem Nordost- und dem Zentraliran bekannt. 


Hyphoplites aransionensis crassofalcatus (SEMENOV 1899) 
(Taf. 1, Fig. 6) 
1980 Hyphoplites crassofalcatus crassofalcatus (SEMENOV, 1899). - 
MARCINOWSKI, S. 278; Taf. 8, Fig. 5-9, 15 (mit Synonymie). 
1981 Hyphoplites aransionensis crassofalcatus (SEMENOV). — SEY- 
ED-EMAMI & ARYAI, $. 27; Taf. 6, Fig. 9-11 (mit Synonymie). 


Material: 8 Exemplare (67-SE-23-9/10-12/17). 


Beschreibung: Für zwei gut erhaltene Exemplare lassen 
sich exakte Mefßwerte angeben. 


Abmessungen: D Wh 


67-SE-23-12 42 19 (0,45) 
67-SE-23-10 37 16(0,43) 


Die Aufrollung ist mäßig involut, der Querschnitt hoch- 
rechteckig mit abgeflachten Flanken und breiter gefurchter 
Externseite. Die kräftigen Knoten (Umbilikal-, untere und 
obere Marginalknoten) sind durch Rippen verbunden. Auf 


Wb Wh/Wb Nw 
16,5 (0,39) 1,15 11 (0,26) 
15,5 (0,42) 1,03 10 (0,27) 


der Wohnkammer sind diese auf der tieferen Flanke fein aus- 

gebildet und an den Umbilikalknoten gebündelt. 
Beziehungen: Wie bereits bei H. arausionensis aransio- 

nensis, besteht auch bei H. arausionensis crassofalcatus keine 


Einigkeit über die genaue taxonomische Abgrenzung gegen- 
über nahverwandten Formen. Insbesondere wird crassofalca- 
tus auch als jüngeres Synonym von H. aransionensis angese- 
hen und beide Formen zusammen als Unterart zu 4. curva- 
tus gestellt (s. zuletzt: KEnnepy & Juisner 1984: 118 ff). Die- 
ser Ansicht wird hier nicht gefolgt. Die Unterschiede von 
H. arausionensis crassofalcatus zu H. arausionensis arausio- 
nensis sind bereits bei der letzten Unterart angeführt worden. 
Von H. curvatus unterscheidet sich H. aransionensis crasso- 
falcatus durch die größere Windungsbreite, die kräftigere Be- 
knotung (besonders die stärkeren Umbilikalknoten) und das 
spätere Einsetzen der Sichelrippen. 


Verbreitung: H. arausionensis crassofalcatus tritt im 
Untercenoman auf, und ist bisher aus dem Anglo-Pariser 
Becken, der südlichen UdSSR und dem Nordostiran bekannt. 
Die Unterart wird hier erstmals auch aus dem Zentraliran be- 
schrieben. 


Hyphoplites arausionensis horridus WRIGHT & WRIGHT 1949 
(Taf: 15 Eig. 7.) 
1979 Hyphoplites arausionensis horridus WRIGHT & WRIGHT, 1949. 
— KENNEDY etal., S. 27; Taf. 2, Fig. 10 (mit Synonymie). 
1980 Hyphoplites crassofalcatus horridus WRIGHT & WRIGHT, 1949. 
— MARCINOWSKI, $. 279; Taf. 8, Fig. 10-11 (mit Synonymie). 


Material: 1 Exemplar (67-SE-23-19). 


Beschreibung: Das schlecht erhaltene Exemplar umfaßt 
etwas mehr als eine halbe Windung von 46 mm Durchmesser 


Abmessungen: D Wh 
67-SE-23-4 41 20 (0,49) 
67-SE-23-8 22 11 (0,50) 


Die Aufrollung ist mäßig involut, der Querschnitt hoch- 
mündig, mit steiler Nabelkante, konvergierenden flachen 
Flanken und abgesetzter Externseite. 


Die Skulptur besteht aus früh einsetzenden schmalen Si- 
chelrippen und Umbilikal- sowie unteren und oberen Margi- 
nalknoten. Die Externseite ist gefurcht. 


Beziehungen: Der hohe Windungsquerschnitt und die 
früh einsetzenden Sichelrippen verweisen auf die Art 7. cur- 
vatus, die sich in eben diesen Merkmalen von dem sonst recht 
ähnlichen H. arausionensis arausionensis unterscheidet. 


Verbreitung: Wie die zuletzt beschriebene Art ist auch 
H. curvatus eine Form des Untercenomans und aus dem An- 


Abmessungen: D Wh 
67-SE-52-1 


Die Aufrollung ist mäßig involut, der Querschnitt deutlich 
höher als breit, mit abgeflachten, zur Externseite hin konver- 
gierenden Flanken. Die abgesetzte Externseite ist median auf- 
gewölbt. 

Die Skulptur besteht aus falcoid geschwungenen Rippen. 
Diese entspringen paarweise an kräftigen, kommaförmigen 
Umbilikalknoten, oder werden einzeln auf der tieferen 
Flanke eingeschaltet. An der Flankenschulter enden alle Rip- 
pen in kleinen Externknoten. 
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und mit relativ breitem Querschnitt (Wb: 20 [0,44]). Es sind 
3 Reihen, z. T. sehr kräftiger, Knoten entwickelt (Umbili- 
kal-, untere und obere Marginalknoten), wobei die Stärke von 
innen nach außen abnimmt. Die breite und flache Externseite 
ist gefurcht. 

Beziehungen: Der breite Windungsquerschnitt und die 
äußerst kräftigen Knoten, besonders die Umbilikalknoten, 
weisen das Exemplar als 7. arausionensis horridus aus und 
machen es von dem sonst sehr ähnlichen H. aransionensıs 
crassofalcatus unterscheidbar. 


Verbreitung: H. arausionensis horridus tritt im Unter- 
cenoman auf und ist aus dem Anglo-Pariser Becken, der süd- 
lichen UdSSR und dem Zentraliran bekannt. 


Hyphoplites curvatus (MANTELL 1822) 
(Taf. 1, Fig. 8) 

1979 Hyphoplites curvatus (MANTELL, 1822). — KENNEDY et al., 
S. 26; Taf. 2, Fig. 1,9 (mit Synonymie). 

1980 Hyphoplites curvatus (MANTELL, 1822). — MARCINOWSKI, 
S. 277; Taf. 8, Fig. 3-4 (mit Synonymie). 

1984 Hyphoplites curvatus curvatus (MANTELL). - KENNEDY & JU- 
IGNET, $. 117; Abb. 8k-n; Abb. 10a, n; Abb. 11a-e (mit Sy- 
nonymie). 


Material: 5 Exemplare (67-SE-23-4/8). 


Beschreibung: Für 2 der vorliegenden Exemplare lassen 
sich verläßliche Meßßwerte angeben. 


Wb Wh/Wb Nw 
16 (0,39) 1,25 10 (0,24) 
9 (0,41) 1122 5,5 (0,25) 


glo-Pariser Becken, der südlichen UdSSR und dem Zentral- 
iran bekannt. 


Gattung Lepthoplites Sparh 1925 


Lepthoplites cantabrigiensis SPATH 1928 
(dat 1.0E1g.29) 

1968 Lepthoplites cantabrigiensis cantabrigiensis SPATH. — RENZ, 
S. 35; Abb. 13b; Taf. 4, Fig. 4-5 (mit Synonymie). 
Lepthoplites cantabrigiensis evolutus n. ssp. — RENZ, $. 36; 
Taf. 4, Fig. 6. 


Material: 1 Exemplar (67-SE-52-1). 


Beschreibung: Das etwas verdrückte Exemplar umfaßt 
eine knappe halbe Windung. 


Wb Wh/Wb Nw 


11,5 1,56 ca. 10 


Beziehungen: Die beste Übereinstimmung in Aufrol- 
lung und Skulptur besteht zu L. cantabrıgiensis, insbeson- 
dere zu zwei von SPAtH (1927: Taf. 20, Fig. 3 und 1928: 
Taf. 24, Fig. 1) abgebildeten Exemplaren aus dem Cam- 
bridge Greensand. Abweichend verhält sich der Querschnitt, 
mit den deutlich konvergierenden Flanken, während in der 
Literatur betont wird, daß die Flanken von £. cantabrıgiensis 
annähernd parallel verlaufen (s. Srarh 1928: 235 und Renz 
1968: 35). Eine artspezifische Abtrennung nur aufgrund des 
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Querschnittes scheint aber nıcht ratsam, zumal bei einer Gat- 
tung, bei der bereits so zahlreiche Übergangsformen zwi- 
schen den einzelnen Arten - aber auch zu anderen Gattungen 
- existieren, wie bei Lepthoplites (vgl. etwa SpaTH 1928: 236). 


Die nächstverwandte Art dürfte L. proximus SpatH 1928 
sein, die sich nur durch die häufigere Ausbildung von Einzel- 
rippen und die geringere Betonung der Umbilikalknoten von 
L. cantabrigiensis unterscheidet. 


Von L. gracilis unterscheidet sich ZL. cantabrıgiensis 
durch die involutere Aufrollung, die dichtere Berippung und 
den Verlauf der Rippen, die extern weniger weit nach vorne 
gezogen sind. 


Verbreitung: L. cantabrıgiensis ist auf das oberste Alb 
(dispar-Zone) beschränkt und bisher aus Südengland und der 
Schweiz gut bekannt. Die Art wird hier erstmals auch aus dem 
Zentraliran beschrieben. 


Lepthophtes gracılis (Spatn 1928) 
(Tafı 1, Fig. 10) 
1968 Lepthoplites gracılis (SPATH). — RENZ, $. 36; Abb. 13f; Taf. 4, 
Fig. 12-14 (mit Synonymie). 

Material: 1 Exemplar (67-SE-52-2). 

Beschreibung: Das Exemplar umfaßt knapp über eine 
Viertelwindung der beginnenden Wohnkammer. Genaue 
Maße lassen sich nicht angeben, die Aufrollung war aber 
ziemlich evolut, der Querschnitt hochrechteckig, deutlich 
höher als breit, mit abgeflachten Flanken und etwas gerunde- 
ter Externseite. 


Die Skulptur besteht aus schmalen, scharf ausgeprägten 
Rippen. Diese beginnen entweder paarweise an kommaför- 
mig gelängten Umbilikalknoten oder setzen einzeln auf der 
tieferen Flanke ein. Ihr Verlauf ıst deutlich falcoid, wobei sie 
extern weit vorgezogen sind und an kleinen gelängten Ex- 
ternknoten enden. 


Beziehungen: Der Querschnitt, mit abgeflachten Flan- 
ken und gewölbter Externseite, sowie die Skulptur mit dem 
charakteristischen Einsetzen und dem Verlauf der Rippen 
stimmt am besten mit Z. gracılis überein. 


Diese Art wurde ursprünglich von SpatH (1928: 243) als 
Unterart von Plenrohoplites renauxianus beschrieben, und 
auch Renz (1968: 36 f) - der den Holotyp von PıcTEt & Canm- 
PICHE (1860: Taf. 31, Fig. 5) erstmals ausführlich beschreibt — 
betont ausdrücklich den Übergangscharakter, der diese Art 
zwischen den Gattungen Lepthoplites und Pleurohoplites 
vermitteln läßt. Die relativ evolute Aufrollung, die verhält- 
nismäßig schwach entwickelte Skulptur und die kräftig ge- 
schwungenen Rippen sprechen insgesamt aber wohl zu Recht 
für eine Zugehörigkeit zu Lepthoplites. 


Innerhalb dieser Gattung unterscheidet sich Z. gracılis von 
der am nächsten verwandten Art, L. pseudoplanus SPATH 
1928, durch die etwas stärkere Abflachung der Flanken und 
die feinere und schärfere Ausbildung der Rippen. 

Verbreitung: L. gracılis ist bisher nur aus dem obersten 
Alb (dispar-Zone) der Typlokalität des Vracon (Schweiz) be- 
kannt. Die Art wird hier erstmals auch aus dem Zentraliran 
beschrieben. 


Gattung Pleurohoplites Spark 1921 


Pleurohoplites sp. aff. renauxianus (D’Orsıcny 1840) 
(Taf. 1, Fig. 11) 


Material: 1 Exemplar (67-SE-53-1) 
Beschreibung: Das Exemplar umfaßt eine schlecht er- 


haltene halbe Windung, für die sich keine exakten Abmessun- 
gen angeben lassen. 


Die Aufrollung ist mäßig evolut, der Querschnitt hoch- 
oval. 


Die Skulptur besteht aus etwas falcoid geschwungenen 
Rippen, die z. T. paarweise an Umbilikalknoten beginnen, 
gelegentlich aber auch erst auf der Flanke eingeschaltet wer- 
den. Die Rippen enden in kleinen Externknoten. Dabei kön- 
nen gelegentlich auch zwei Rippen in einem Externknoten zu- 
sammenlaufen. 


Beziehungen: In Aufrollung und Skulptur erinnert das 
Exemplar stark an P. renauxianus. Es unterscheidet sich von 
dieser Artallerdings dadurch, daß mitunter an einem Extern- 
knoten zwei Rippen zusammenlaufen. Dieses Merkmal weist 
auf die Gattung Callihoplites Spark 1925 hin, ist aber nicht 
regelmäßig genug ausgebildet, um eine tatsächliche Zugehö- 
rigkeit zu belegen. 


Eine ähnliche Übergangsform bilden Pıcter & CAMmPIcHE 
(1860: Taf. 31, Fig. 2- Neuabbildung bei Renz 1968: Taf. 5, 
Fig. 15) aus der Gegend von Vraconne (Schweiz) ab, weshalb 
diese Form von Renz (1968: 44) ebenfalls als P. aff. renan- 
xianus bezeichnet wird. Im Gegensatz zu dem hier beschrie- 
benen Exemplar ist der Rippenverlauf bei dem Schweizer 
Stück aber deutlich irregulärer. 


Verbreitung: Das hier vorgestellte Exemplar ist der erste 
Pleurohoplites, der aus dem Iran beschrieben wird. 


Die nahverwandte Art P. renauxianus tritt im obersten 
Alb (dispar-Zone) auf und ist bisher aus Südengland, Süd- 


frankreich und der Schweiz nachgewiesen. 


FAMILIE SCHLOENBACHIIDAE 
PARONA & BoNARELLI 1897 


Gattung Schloenbachia NEUMAYR 1875 
Schloenbachia varıans (J. SOWERBY 1817) 


Die überaus große Formenvielfalt der Gruppe der $. va- 
rians hat den jeweiligen Bearbeitern schon immer ernste 
Schwierigkeiten bereitet. Die Gliederungsversuche reichen 
von der Aufspaltung in zahlreiche Arten (z. B. SpatH 1926: 
430, vgl. hierzu aber auch Kennepy & Hancock 1978: 
Taf. 3!) bis zur rigorosen Zusammenfassung in einer einzigen 
Art (z. B. JuıGnet & Kennedy 1976: 78, KENNEDY & JUIGNET 
1984: 123 ff). 


Nachdem das Erscheinen der von Hancock seit nunmehr 
weit über einem Jahrzehnt angekündigten Monographie der 
Gattung Schloenbachia (vgl. Kennepy 1971: 45) immer noch 
nicht in Aussicht ist, haben sich zahlreiche Autoren ent- 
schlossen, eine bestimmte Anzahl von Morphotypen in 5-8 
„Unterarten“ zu vereinigen. Diese reichen von der flachen 
und höchstens feinberippten $. varıans subplana (MANTELL 
1822) bis zu der stark aufgeblähten und grobbedornten $. va- 
rians ventriosa (s. WIEDMANN & SCHNEIDER 1979: 664 ff, SEY- 


ED-EMAMI & Aryaı 1981: 28 ff, Hıss 1982: 192 ff, MARCINowsKI 
1983: 168 ff). Daß es sich hierbei - vergleichbar mit der Situa- 
tion innerhalb der Gattung Hyphoplites - um keine echten 
Unterarten im Sinne der Zoologie handeln kann, geht daraus 
hervor, daß alle diese ‚Unterarten‘ sowohl stratigraphisch 
wie auch geographisch nebeneinander vorkommen (vgl. 
MARCINOWsKI 1983: 168). 


Trotzdem - da bis heute keine verbindliche Übereinkunft 
über den Gebrauch von Unterarten in der Paläontologie be- 
steht - schließen sich die Autoren dieser Verfahrensweise an 
und verteilen die Schloenbachien des Glaukonitkalkes des 
Kolah-Qazi-Gebirges auf insgesamt 4 Unterarten von S. va- 
rians. 


Die ausführlichen modernen Beschreibungen dieser Unter- 
arten in der oben zitierten Literatur erlauben es, an dieser 
Stelle auf nähere Beschreibungen zu verzichten und sich je- 


Abmessungen: D Wh 

67-SE-30-50 60 27,5 (0,46 
67-SE-30-43 52 24 (0,46 
67-SE-30-63 37 17 (0,46 
67-SE-30-60 37 16,5 (0,45 


Schloenbachia varians subtuberculata (SHARPE 1857) 
(Taf. 2, Fig. 2) 


95 


weils mit einer kurzen Diagnose und der Angabe von Meß- 
werten einzelner gut erhaltener Exemplare zu begnügen. We- 
gen der zahlreichen noch offenen Fragen zum Problem der 
S. varıans wird aber auf die Angabe von Synonymien ver- 
zichtet. 


Wie zuletzt mehrfach von Marcımowskı (1980: 282, 1983: 
172) betont, ist $. varıans über das Untercenoman hinaus 
auch im Mittelcenoman verbreitet. 


Schloenbachia varıans subvarians SPATH 1926 
(Taf. 2, Fig. 1) 
Diagnose: Querschnitt deutlich höher als breit, mit fal- 
coid geschwungenen Rippen und schwach entwickelten Mar- 
ginalknoten. 


Material: 18 Exemplare (67-SE-30-43, 45, 50/65). 


Wb Wh/Wb Nw 
18 (0,30) 1,55 14 (0,23) 
17 (0,33) 1,41 12,5 (0,24) 
13 (0,35) 1,31 10 (0,27) 
11 (0,30) 1,50 9 (0,24) 


Diagnose: Querschnitt etwas höher als breit, mit begin- 
nender Auflösung der Rippen in mäßig kräftige Umbilikal- 
und Marginalknoten. 


Material: 12 Exemplare (67-SE-30-36/42, 44, 46/49). 


Wb Wh/Wb Nw 
25 (0,40) ° 1,20 15 (0,24) 
14,5 (0,36) 1,31 10 (0,25) 
16 (0,40) 1,06 12 (0,30) 
14 (0,35) 1,14 12 (0,30) 


Diagnose: Querschnitt erwa gleich breit wie hoch, mit 
kräftigen Umbilikal- und Marginalknoten. 


Material: 16 Exemplare (67-SE-30-20/35). 


Wb Wh/Wb Nw 
34 (0,44) 1,06 22 (0,28) 
31 (0,44) 1,00 19 (0,27 
27,5 (0,44) 1,07 17 (0,27) 


Diagnose: Querschnitt deutlich breiter als hoch, mit 
mächtigen, dornartigen Umbilikal- und kräftigen Marginal- 
knoten. 


Material: 19 Exemplare (67-SE-30-1/19). 


Abmessungen: D Wh 
67-SE-30-38 63  30.(0,48) 
67-SE-30-42 40 19 (0,48) 
67-SE-30-41 40 17 (0,43) 
67-SE-30-40 40 16.(0,40) 
Schloenbachia varians varians (J. SOwERBY 1818) 

(Taf. 2, Fig. 3) 
Abmessungen: D Wh 
67-SE-30-22 78 36 (0,46) 
67-SE-30-21 70 31 (0,44) 
67-SE-30-20 63 29,5 (0,47) 

Schloenbachia varians ventriosa STIELER 1922 

(Taf. 2, Fig. 4) 
Abmessungen: D Wh 
67-SE-30-1 70 28 (0,40) 
67-SE-30-2 60 26 (0,43) 
67-SE-30-5 49 21 (0,43) 
67-SE-30-3 36 16(0,44) 


Bemerkung: Kenneoy etal. (1979), auf die die ersten Be- 
schreibungen von Schloenbachien aus dem Zentraliran zu- 
rückgehen, vermerkten noch etwas verwundert die schein- 
bare Abwesenheit von Vertretern der Unterart $. varians 
ventriosa (op. cit.:31). Wie das vorliegende Material zeigt, ist 
diese Form aber sehr wohl - und gar nicht einmal selten - im 
Glaukonitkalk des Kolah-Qazi-Gebirges vertreten. 


Wb Wh/Wb Nw 
42 (0,60) 0,67 21 (0,30) 
29 (0,48) 0,90 18,5 (0,31) 
27,5 (0,56) 0,76 16,5 (0,34) 
22 (0,61) 0,73 12 (0,33) 


Hinfällig ist damit auch die stratigraphische Schlußfolge- 
rung von KEnneDy et al., die aus der Zusammensetzung der 
varıans-assemblage als Alter ausschließlich basales Cenoman 
(carcıtanensis-Zone) ableiteten. 


96 


FAMILIE PLACENTICERATIDAE Hvyarr 1900 


Gattung Karamaites SOKkoLOV 1961 


Karamaites sp. 
(Takes, PEis.all) 
Material: 1 Exemplar (67-SE-54-1). 
Beschreibung: Das vorliegende Exemplar umfaßt nur 
ein etwa 30 mm langes Bruchstück des Phragmokons. Größe 
und Abmessungen lassen sich nicht mehr rekonstruieren, der 


Querschnitt allerdings ist dreieckig-lanceolat mit breiter ab- 
geflachter Externseite. 


Die erhaltenen Reste der externen Flanke zeigen keine Spur 
einer Berippung, auf den Flankenschultern aber sitzen alter- 
nierend lange clavate Knoten. 


Beziehungen: Die bruchstückhafte Erhaltung verbietet 
jede eindeutige artliche Zuordnung, dagegen scheint eine ge- 
nerische Bestimmung möglich. 


Vom Querschnitt her könnte es sich außer um einen Kara- 
maites auch um einen Semenovites GLasunovaA 1960 oder ei- 
nen Acompsoceras Hyatt 1903 handeln. Von Semenovites 
unterscheidet sich das hier beschriebene Exemplar aber durch 
das Fehlen von Rippen, die bei dieser Gattung bis zu den cla- 
vaten Knoten an der Flankenschulter durchziehen, von 
Acompsoceras durch das Alternieren der Externknoten. 

Dagegen ist ein Zurücktreten der Rippen, ebenso wie die 
Existenz alternierender clavater Externknoten für einige Ka- 
ramaiten charakteristisch, wie sie etwa erst jüngst aus dem 
NE-Iran beschrieben wurden (SevEep-Emamı et al. 1984: 
163 ff). Im unmittelbaren Vergleich zu dieser Fauna würde 
der breite Querschnitt des Exemplares 67-SE-54-1 am besten 
zu K. gaurdakense (Lurrov 1963) passen. Eine eindeutige 
Abgrenzung gegenüber den ähnlichen Arten K. guadalupae 
(C. F. ROEMER 1849) und K. grossonvrei (SEMENOV 1899) 
könnte aber nur bei vollständigerer Erhaltung gelingen. 


Verbreitung: Die Gattung Karamaites gehört zu den 
frühen Placenticeraten. Im iranischen Koppeh-Dagh wurde 
sie in Schichten des Mittleren Cenomans gefunden. Aus dem 
Zentraliran war die Gattung bisher unbekannt. 


ÜBERFAMILIE ACANTHOCERATACEAE 
GROSSOUVRE 1894 


FAMILIE BRANCOCERATIDAE SpatH 1933 


UNTERFAMILIE MORTONICERATINAE 
H. Douvirı£ 1912 


Gattung Mortoniceras MEEK 1876 


Der Umfang der vieldiskutierten Gattung Mortoniceras 
(vgl. etwa die Grundsatzdiskussionen um den Typus in STAn- 
ton 1937 und SpatH 1938) wurde in jüngster Zeit durch 
ScHoız (1979a: 105, 1979b: 600) stark eingeschränkt. In An- 
lehnung an einen Vorschlag von BöHMm (1910: 152) werden 
von ihm die Mortoniceraten der inflatum-Gruppe unter dem 
Gattungsnamen Pervinguieria BöHm 1910 zusammengefaßt. 


Dieser Ansicht wird hier nicht gefolgt, da Mortoniceras, 
wie ScHoLz selbst betont, eine gültige Gattung ist, und allein 
die schlechte Kenntnis der Typusart (Ammonites vespertinus 
Morton 1834) noch nicht zur Einführung eines neuen Gat- 
tungsnamens berechtigt. Ganz im Sinne von C. W. WRIGHT 


(1957: 1.406) wird Pervinguieria deshalb als jüngeres Syno- 
nym von Mortoniceras betrachtet. 


Untergattung Mortoniceras (Subschloenbachia) SrarHn 1921 


In Übereinstimmung mit ScHorz (1979a: 111) wird hier für 
die quadrituberkulaten Mortoniceraten der Untergattungs- 
name Subschloenbachia verwendet, anstelle des häufig be- 
nutzten aber jüngeren Synonyms Durnovarites SpaTH 1932. 


Zwar ist die nachgereichte Diagnose von SrarH (1922: 
100f) für Subschloenbachia ungenau, während die Untergat- 
tung Durnovarites ausdrücklich die quadrituberkulaten 
Mortoniceraten umfassen soll (SpaTH 1933: 429), andererseits 
handelt es sich bereits bei der Typusart von Subschloenbachia 
(Ammonites rostratus J. SOwERBY 1817) um eine — zumindest 
im Jugendstadium — quadrituberkulate Form, was auch der 
frühen Darstellung von SpatH (1922: 101, Abbildungstext zu 
Fig. A, 2b) entnommen werden kann. 


Mortoniceras (Subschloenbachia) rostratum (J. SOWERBY 
1817) 
(Taf.3, Eig.,2) 

1976 Mortoniceras (Mortoniceras) rostratum (J. SOWERBY, 1817). — 
MARCINOWSKI & NAIDIN, S. 108; Taf. 5, Fig. 1; Taf. 9, 
Fig. 2 (mit Synonymie). 

1979a Pervinguieria (Subschloenbachia) rostrata (SOWERBY, 1817). 
— SCHOLZ, S. 111; Taf. 26, Fig. 1-2; Taf. 27, Fig. 1-2. 

b Pervinguieria (Subschloenbachia) rostrata (Sowerby, 1817). — 

SCHOLZ, $. 600; Abb. 2-3; Taf. 2, Fig. 1-2; Taf. 4, Fig. 5; 
Taf..5, Big. 1. 


Material: 1 Exemplar (67-SE-38-1). 


Beschreibung: Beim vorliegenden Exemplar handelt es 
sich um ein 90 mm langes, schlecht erhaltenes Wohnkam- 
merbruchstück, für das keine näheren Maße angegeben wer- 
den können. Die Aufrollung war deutlich evolut, der Quer- 
schnitt annähernd rund mit mäßig gewölbten Flanken, die 
kontinuierlich in die breite Externseite übergehen. 


Die Skulptur besteht aus geraden, rundlichen Rippen, die 
z. T. an schwachen umbilikalen Anschwellungen einsetzen, 
etwas über der Flankenmitte einen Lateralknoten besitzen 
und am Übergang zur Externseite in einem extrem großen 
runden Knoten enden. Auf der Externseite ist ein kräftiger 
Kiel ausgebildet. 


Beziehungen: Die Ausbildung der Skulptur, mit den re- 
lativ weit auseinanderstehenden Rippen und der charakteri- 
stischen Beknotung stimmt genau mit M. (S.) rostratum 
überein, einer Art, bei der auf der Wohnkammer Ventral- und 
Externknoten zu einem überdimensionierten Knoten ver- 
schmelzen. Der Übergang vom quadri- zum trituberkulaten 
Stadium ist beim Holotyp gut zu erkennen (s. SpatH 1932: 
Text-Fig. 136). 


Liegt - wie im hier besprochenen Fall- nur ein Wohnkam- 
merfragment vor, so daß der Übergang nicht zu erkennen ist, 
so besteht die Möglichkeit einer Verwechslung mit der 
nächstverwandten Art, M. (S.) stoliczkai Spark 1922. Aller- 
dings sind die Externknoten auf der Wohnkammer von M. 
(S.) rostratum noch deutlich größer entwickelt als bei M. ($.) 
stoliczkai, so daß im vorliegenden Fall eine eindeutige Zuord- 
nung möglich ist. 


Verbreitung M. ($.) rostratum ist auf das oberste Alb 
(dispar-Zone) beschränkt. Die Art ist aus dem Anglo-Pariser 
Becken, Ungarn, der südlichen UdSSR, Angola und Mada- 
gascar bekannt. Sie wird hier erstmals auch aus dem Zentral- 
iran beschrieben. 


Mortoniceras (Subschloenbachia) perinflatum Sparh 1922 
(Taf. 3, Fig. 3) 

1976 Mortoniceras (Durnovarites) perinflatum (SPATH, 1922). — 
MARCINOWSKI & NAIDIN, S. 109; Taf. 6, Fig. 1-2 (mit Syno- 
nymie). 

1979a Pervinguieria (Subschloenbachia) perinflata SPATH, 1922. — 
SCHOLZ, $. 112; Taf. 28, Fig. 1-3; Taf. 29, Fig. 1-2, 6. 

b Pervinguieria (Subschloenbachia) perinflata SPATH, 1922. — 
SCHOLZ, $. 603; Taf. 5, Fig. 455. 


Material: 3 Exemplare (67-SE-38-2/4). 


Beschreibung: Es liegen nur kleine Bruchstücke vor, für 
die keine exakten MefSwerte angegeben werden können. 


Der Querschnitt ist rechteckig, mit abgerundeter Nabel- 
kante und gerundetem Übergang von den subparallelen Flan- 
ken zur abgeflachten Externseite. 


Die Skulptur besteht aus breiten Rippen, die meist zu 
zweien an einem relativ kräftigen Umbilikalknoten entsprin- 
gen, gerade über die Flanke verlaufen und auf der breiten Ex- 
ternseite deutlich nach vorne umbiegen, bevor sie verlöschen. 
Außer den Umbilikalknoten tragen die Rippen Lateral- und 
ganz dicht beieinandersitzende Ventral- und Externknoten. 
Auf der Externseite verläuft ein niedriger Kiel. 


Beziehungen: Im Querschnitt und in der Ausbildung 
der Skulptur besteht die beste Übereinstimmung mit M. ($.) 
perinflatum, dessen Morphologie und Entwicklung beson- 
ders ausführlich von Renz (1968: 51 ff) beschrieben wurde. 


Die engsten Beziehungen bestehen zu M. ($.) postinflatum 
SpATH 1933 und M. ($.) vraconense Renz 1968. Von diesen 
Arten unterscheidet sich M. (S.) perinflatum durch die ra- 
schere Zunahme der Windungsbreite bzw. die schwächer 
ausgebildete Skulptur. ScHorz (1979a: 112f) sieht darin aller- 
dings nur intraspezifische Variabilitäten und verweist beide 
Arten ın Synonymie zu M. (S.) perinflatum. 


Verbreitung: M. ($.) perinflatum tritt nur im obersten 
Alb (dispar-Zone) auf. 


Abmessungen: D Wh 
67-SE-55-1 ca. 62 36,5 


Die Aufrollung ist extrem involut, der Querschnitt äußerst 
hochmündig, mit nur ganz schwach gewölbten Flanken und 
deutlich abgesetzter, stark abgeflachter Externseite. 


Die Skulptur besteht aus dichten fadenförmigen Rippen, 
die leicht geschwungen über die Flanken verlaufen und die 
Externseite ohne Unterbrechung queren. An den Externkan- 
ten tragen alle Rippen kleine clavate Knoten, außerdem sind 
ganz schwach Siphonalknötchen angedeutet. 


Beziehungen: In Aufrollung und Skulptur stimmt das 
Exemplar ganz mit F. largilliertianum überein. 


Die nächstverwandte Art, F. beaumontianum (D’ORBIGNY 
1841), unterscheidet sich von F. largilliertianum durch die 
evolutere Aufrollung, den etwas breiteren Querschnitt und 
die gröbere Berippung. 
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Die Art ist aus dem Anglo-Pariser Becken, der Schweiz, 
Sardinien, Ungarn, der südlichen UdSSR und Angola be- 
kannt. Sie wird hier erstmals auch aus dem Zentraliran be- 
schrieben. 


FAMILIE FORBESICERATIDAE WRrıcHr 1952 


Der taxonomische Rang und die systematische Stellung der 
Forbesiceraten im System der Kreideammoniten bedarf noch 
einer endgültigen Klärung. 

VonC. W. WricHT (1952: 220) wurde die Gruppe zunächst 
als Unterfamilie den Schloenbachien angeschlossen und ans 
Ende der Hoplitaceae gestellt, später im ‚‚Treatise“ (1957: 
L402) an gleicher Stelle zur eigenen Familie erhoben. Dage- 
gen stellte Kennedy (1971: 46) die einzige Gattung, Forbesice- 
ras, zur Familie der Leyelliceratidae SparH 1921 und damit zu 
den Acanthocerataceae (vgl. auch JuIGnET & KenneDy 1976: 
81). Dieser Ansicht hat sich C. W. WricHr (1981: 170) teil- 
weise angeschlossen. Im Entwurf für die Neuauflage des 
„Ireatise‘“‘ werden die Forbesiceraten nun ebenfalls bei den 
Acanthocerataceae aufgeführt, im Gegensatz zu KEnnepy 
(1971) und Juısner & Kennepy (1976) allerdings immer noch 
als eigene Familie und nicht im Rang einer einfachen Gattung 
innerhalb der Leyelliceratidae. 

Die hier übernommene Ansicht C. W. WricHTs kann also 
durchaus noch nicht als gesichert angesehen werden. Eine 
klärende Stellungnahme ist den Autoren bei dem geringen 
und unvollständigen Material, das ihnen aus dem Zentraliran 
vorliegt, allerdings nicht möglich. 


Forbesiceras largilliertianum (D’ORBIGnY 1841) 
(Tat 3.0619. 5) 


1976 Forbesiceras largılliertianum (D’ORBIGNY). — JUIGNET & KEN- 
NEDY, S. 81; Taf. 5, Fig. 1, 4, 8; Taf. 6, Fig. 1 (mit Synony- 
mie). 


Material: 1 Exemplar (67-SE-55-1). 
Beschreibung: Bei dem vorliegenden Exemplar handelt 
es sich um die knappe halbe Windung eines Phragmokons. 


Wb Wh/Wb Nw 
12 3,02 _ 


Verbreitung: F. largılliertianum tritt im ganzen Unte- 
ren Cenoman auf und reicht noch deutlich ins Mittlere Ce- 
noman hinein. 

Die Art ist in Europa relativ weit verbreitet und ferner aus 
Nord- und Südafrika, Madagascar und Indien bekannt. Sie 
wird hier erstmals auch aus dem Zentraliran beschrieben. 


Forbesiceras sculptum Caick 1907 
(Taf. 3, Fig. 4) 


1971 Forbesiceras sculptum CRICK. — KENNEDY, S. 48; Taf. 15, 
Fig. 5-6; Taf. 16, Fig. 1-2; Taf. 45, Fig. 5 (mit Synonymie). 


Material: 1 Exemplar (67-SE-55-3). 
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Beschreibung: Bei dem vorliegenden Exemplar handelt 
es sich um eine unvollständig erhaltene halbe Windung. 
Exakte Mefßwerte lassen sich nicht angeben. 


Die Aufrollung ist extrem involut, der Querschnitt außer- 
ordentlich hochmündig (Wh/Wb: ca. 2,5-3,0) mit schwach 
gewölbten Flanken und schmaler abgeflachter Externseite. 


Die Skulptur besteht aus einfachen, schwach geschwunge- 
nen Rippen auf der äußeren Flankenhälfte. Auf der inneren 
Flanke läßt sich keine Berippung feststellen. Extern tragen 
alle Rippen kleine, etwas clavate Knötchen. 


Beziehungen: Die extrem involute Aufrollung und die 
verhältnismäßig grobe Berippung sprechen für eine Zugehö- 
rigkeit zu F. sculptum, auch wenn keine feinere Berippung 
auf der tieferen Flanke zu erkennen ist, wie sie für diese Art 
charakteristisch sein soll. 


F. sculptum zeigt enge Beziehungen zu F. largilliertianum 
und F. beaumontianum (D’Orsıcny 1841), von denen sie sich 
aber durch die gröbere Berippung bzw. die involutere Aufrol- 
lung unterscheidet. 


Nach Kennepy (1971: 48) bestehen ferner so enge Über- 
gänge zu F. nodosum Crıck 1907, daß beide als Synonyma 
verstanden werden können. Von Lateralknoten, wie sie den 
Holotyp von F. nodosum (Crıck 1907: Taf. 11, Fig. 8) deut- 
lich auszeichnen, ist allerdings bei dem vorliegendem Exem- 
plar nichts festzustellen. 


Verbreitung: F. sculptum ist eine verhältnismäßig sel- 
tene Art, deren genaue stratigraphische Position nicht be- 
kannt ıst. Sie tritt sicher im Untercenoman auf, reicht aber 
eventuell noch ins Mittelcenoman hinein. 


Die Art ist aus Südengland, Nigeria, Südafrika und Mada- 


gascar bekannt und wird hier erstmals auch aus dem Zentral- 
iran beschrieben. 


Forbesiceras sp. aff. psendoobtectum CoıLicnon 1964 
(Taf. 3, Fig. 6) 
Material: 1 Exemplar (67-SE-55-4). 
Beschreibung: Das Exemplar ist sehr unvollständig er- 
halten und umfaßt wenig mehr als eine Viertelwindung. 


Der Durchmesser dürfte an die 80 mm betragen haben, die 
Aufrollung ist involut, der Nabel allerdings nicht geschlos- 
sen. Der Querschnitt ist hochoval (Wh/Wb: knapp 2,0) mit 
stark abgeflachten Flanken und breit gerundeter Externseite. 


Die Skulptur besteht aus einfachen rundlichen Rippen, die 
leicht geschwungen die Flanken überqueren und extern nicht 
unterbrochen sind. Sie tragen schwache Externknoten. 


Beziehungen: Im Querschnitt und der Skulptur erinnert 
das Exemplar am meisten an F. psendoobtectum. Zum einen 
ist der Wh/Wb-Index relativ niedrig (etwa 2,0, gegenüber 
2,32 beim Holotyp, vgl. Collignon 1964: 60; Taf. 334, 
Fig. 1500), zum anderen ist die Externseite gut gerundet und 
- m deutlichen Gegensatz zu allen anderen Forbesiceraten — 
von den Flanken nicht deutlich abgesetzt. Und schließlich 
sind die Externknoten nur schwach ausgebildet. 


In einigen anderen Merkmalen unterscheidet sich das hier 
beschriebene Exemplar aber doch so deutlich von F. pseu- 
doobtectum, daß eine exakte Zuordnung zu dieser Art nicht 
infrage kommt. Vor allem ist F. psendoobtectum deutlich in- 
voluter, mit einem ‚‚ombilic punctiforme“ (CorLicnon 1964: 
60) und die Flanken verlaufen nicht fast parallel, sondern 
konvergieren deutlich zur Externseite hin. 


Insofern handelt es sich bei dem Stück aus dem Glaukonit- 
kalk mit großer Wahrscheinlichkeit um eine neue Art, die al- 
lerdings besonders eng mit F. psendoobtectum verwandt sein 
dürfte. Wegen der schlechten und unvollständigen Erhaltung 
wird das Exemplar aber in offener Nomenklatur beschrieben. 


Verbreitung: F. sp. aff. spendoobtectum wird hier zum 


ersten Mal aus dem Zentraliran vorgestellt. 


Die Art F. psendoobtectum ist bisher nur aus dem Unteren 
Cenoman von Madagascar bekannt. 


FAMILIE ACANTHOCERATIDAE 
GROSSOUVRE 1894 


UNTERFAMILIE MANTELLICERATINAE 
Hyatt 1900 


Gattung Submantelliceras Spark 1923 


Submantelliceras wooldridgei (Young 1958) 
(Taf. 4, Fig. 1-3) 
1958 Graysonites wooldridgei n. sp.— YOUNG, S. 175; Abb. 3c, d, f; 
Taf. 28, Fig. 14; Taf. 29, Fig. 2, 4. 
Material: 4 Exemplare (67-SE-56-1/4). 
Beschreibung: Von den vier vorliegenden Exemplaren 
sind drei so gut erhalten, daß sie die Angabe exakter Meß- 
werte erlauben. 


Abmessungen: D Wh Wb Wh/Wb Nw 

67-SE-56-2 53 24(0,45) 17 (0,32) 1,40 13 (0,25) 
67-SE-56-3 48,5 21(0,43) 15,5(0,32) 1,35 13 (0,27) 
67-SE-56-4 34 15 (0,44) 12 (0,35) 1,25 8 (0,24) 


Die Aufrollung ist im frühen Jugendstadium etwas involut, 
wird aber rasch mäßig evolut, wobei die vorhergehende Win- 
dung zu etwa einem Drittel umfaßt wird. Der Querschnitt ist 
hochrechteckig, mit steiler Nabelkante, subparallelen Flan- 
ken und deutlich abgesetzter sowie abgeflachter Externseite. 


Die Skulptur besteht aus etwas unregelmäßig alternieren- 
den kräftigen Haupt- und Zwischenrippen, die an Umbilikal- 
knoten entspringen bzw. erst auf der Flanke einsetzen. Die 
Rippen verlaufen gerade bis leicht geschwungen über die 
Flanken. Im Jugendstadium queren sie die Externseite in ab- 


geschwächter Form, später sind sie auf der Externseite unter- 
brochen. Alle Rippen tragen schwache untere und kräftigere 
obere Ventrolateralknoten. 


Von der Lobenlinie sınd keine näheren Details zu erken- 
nen. 


Beziehungen: Durch ihre Größe vermitteln die be- 
schriebenen Exemplare ausgezeichnet zwischen zwei Grup- 
pen von Ammoniten, mit denen sie in Aufrollung, Quer- 
schnitt und Skulptur vollständig übereinstimmen. Zum einen 
handelt es sich dabei um verschiedene Ammoniten-Nuclei, 


wie sie z.B. Kenner (1971: 52f; Taf. 17, Fig. 3, 8) als 
„Submantelliceras“ ssp. beschrieben hat. Zum anderen 
schließen sie sich unmittelbar an die von Young (1958) be- 
schriebene Art ‚„‚Graysonites“ wooldridgei an, deutlich ist 
das etwa beim Vergleich mit dem Querschnitt des Holotyps 
(op. cit.: Abb. 3c) zu erkennen. 


Die Gattung Submantelliceras ist nach Kennepy (1971: 52) 
eines der ‚‚chief headaches of Cenomanian ammonite syste- 
matics“. Das liegt daran, daß bisher nur kleine Nuclei gefun- 
den wurden, die sich keiner adulten Form sicher zuordnen 
ließen. Mit dem neuen Material aus dem Kolah-Qazi-Gebirge 
scheint nunmehr erstmals eine solche Verbindung möglich zu 
sein. Das bedeutet aber auch gleichzeitig, daß die Art woo/- 
dridgei am besten in die Gattung Submantelliceras überführt 
wird. 


Bei diesem Vorschlag, Submantelliceras — etwa im Gegen- 
satz zum „‚Ireatise‘“ (S. L411) — als selbständige Gattung 
wieder einzuführen, müssen vorläufig zwei wichtige Fragen 


offenbleiben: 


1. Ist S. wooldridgei eventuell nur ein jüngeres Synonym 
der Typusart $. aumalense (CoQuAanD 1862)?»Ein unmittel- 
barer Vergleich mit deren winzigem Holotyp aus Algerien ist 
derzeit noch nicht möglich. 


2. Kann eventuell die Gattung Graysonites Young 1958 
insgesamt als ein jüngeres Synonym von Submantelliceras 
angesehen werden? Hierbei ist Vorsicht geboten, denn die 
Tatsache, daß ‚„G.“ wooldridgei zu Submantelliceras gestellt 
werden kann, sagt noch nichts über die systematische Stellung 
der übrigen Graysoniten aus, insbesondere nichts über die 
Typusart G. lozoı Young 1958. Zu bedenken ist hier vor al- 
lem, daß bereits Young (1958: 176) selbst ausdrücklich auf 
eine gewisse Sonderstellung von wooldridgei gegenüber den 
anderen drei von ihm der Gattung Graysonites zugeschriebe- 
nen Arten, hinweist. Tatsächlich unterscheidet sich $. wool- 


Abmessungen: D Wh 

67-SE-25-3 475 21 (0,44) 
67-SE-25-1 44 19,5 (0,44) 
67-SE-25-2 34,5 15,5 (0,45) 
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dridgei von G. lozoi, G. adkinsi Young 1958 und G. foun- 
taini Young 1958 insbesondere durch die erst sehr spät ein- 
setzende Entwicklung von großen, dornartigen Externkno- 
ten. Nach Young (1958: 176) setzt deren Ausbildung erst ab 
einem Durchmesser von 90-100 mm ein, eine Größe, die von 
keinem der Exemplare aus dem Kolah-Qazi-Gebirge erreicht 
wird. 

Verbreitung: $. wooldridgei ist bisher nur aus dem ba- 
salen Cenoman von Texas bekannt. Die Art wird hier erst- 
mals auch aus dem Zentraliran beschrieben. 


Gattung Mantelliceras Hyarr 1900 


Die Gattung Mantelliceras hat im tieferen Cenoman eine 
Fülle von Formen hervorgebracht, die von manchen Autoren 
auf eine Vielzahl von Untergattungen verteilt wurden. 


Da die Unterschiede häufig nur feine Nuancen betreffen, 
und zudem zahlreiche Übergangsformen eine klare Trennung 
und Diagnose unmöglich machen, wird hier auf die Aus- 
scheidung von Untergattungen ganz verzichtet. Ausführliche 
Diskussionen des Problems, die den hier eingenommenen 
Standpunkt im Detail begründen, finden sich bei MaTrsumoTo 
& Inoma (1975: 281), JUIGNET & Kennedy (1976: 84 ff), IMMEL 
(1979: 622f) und Marcınowskı (1980: 286). 


Mantelliceras mantelli (J. SOwerBv 1814) 
(Taf. 4, Fig. 5) 
1979 Mantelliceras mantelli (J. SOWERBY, 1814). - KENNEDY et al., 
S. 32, Taf. 6, Fig. 1; Taf. 8, Fig. 4 (mit Synonymie). 
1980 Mantelliceras mantelli (J. SOWERBY 1814). — MARCINOWSKI, 
S. 286; Taf. 9, Fig. 5-9; Taf. 10, Fig. 1-2 (mit Synonymie). 
1981 Mantelliceras mantelli (SOWERBY). — SEYED-EMAMI & ARYAI, 
S. 32; Taf. 8, Fig. 5 (mit Synonymie). 
Material: 17 Exemplare (67-SE-25-1/10, 51/57). 
Beschreibung: Für die drei am besten erhaltenen Exem- 
plare sollen die Meßwerte angegeben werden. 


Wb Wh/Wb Nw 
24,5 (0,52) 0,86 11 (0,23) 
20 (0,45) 0,97 11,5 (0,26) 
17 (0,49) 0,91 9 (0,26) 


Die Aufrollung ist mäßig evolut, der Querschnitt annä- 
hernd achteckig und etwas breiter als hoch. 


Die Skulptur besteht aus einem ziemlich regelmäßigen 
Wechsel von Hauptrippen, die an der Umbilikalkante begin- 
nen, und Zwischenrippen, die in verschiedener Höhe auf der 
Flanke einsetzen. Die geraden bis ganz schwach geschwunge- 
nen Rippen queren die Externseite alle in gleicher Stärke. Die 
Hauptrippen tragen Umbilikal-, Lateral-, Marginal- und Ex- 
ternknoten, die Zwischenrippen lediglich die beiden letzte- 
ren. Die letzte halbe Windung trägt bei einem Exemplar 
(67-SE-25-6) von 16,5 mm Durchmesser 14 Rippen, bei den 
größeren Stücken sind es 18. 


Beziehungen: Aufrollung, oktogonaler Querschnitt 
und Skulptur zeigen deutlich die Zugehörigkeit zu M. man- 
tellı. 


Abmessungen: D Wh 
67-SE-25-60 31 13,5 (0,44) 
67-SE-25-61 30 12 (0,40) 


Von der nächstverwandten Art, M. tubercnlatum, unter- 
scheidet sich M. mantelli nur durch die schwächer entwik- 
kelte Skulptur, insbesondere die geringere Stärke der Knoten. 

Verbreitung: M. mantelli ist in Europa im Unterceno- 
man weitverbreitet und darüber hinaus auch aus Nordafrika, 
Madagascar, Indien, der südlichen UdSSR sowie dem Nord- 
ost- und Zentraliran nachgewiesen. 


Mantelliceras tuberculatum (ManTteLL 1822) 
(Taf. 4, Fig. 4) 
1980 Mantelliceras tuberculatum (MANTELL, 1822). - MARCINOWS- 
Kı, S. 291, Taf. 10, Fig. 5-7 (mit Synonymie). 
1981 Mantelliceras tuberculatum (MANTELL). — SEYED-EMAMI & 
ARYAL, $. 33; Taf. 9, Fig. 4-5 (mit Synonymie). 
Material: 5 Exemplare (67-SE-25-60/65). 
Beschreibung: Für zwei der Exemplare lassen sich ge- 
naue Meßwerte angeben. 


Wb Wh/Wb Nw 
14 (0,45) 0,96 8 (0,26) 
13,5 (0,455) 0,89 8 (0,27) 
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Die Aufrollung ist mäßig evolut, der Querschnitt breit ok- 
togonal. 


Die Skulptur besteht aus kräftigen quadrituberkulaten 
Hauptrippen und eingeschalteten bituberkulaten Zwischen- 
rippen, die allesamt + gerade verlaufen und die Externseite 
ohne Unterbrechung queren. 


Beziehungen: Die Stärke der Rippen und insbesondere 
der Knoten spricht für die Zugehörigkeit zu M. tubercula- 
tum. In allen anderen Merkmalen (Aufrollung, Querschnitt 
und Anordnung der Skulptur) entspricht diese Art ganz der 
nächstverwandten, M. mantellı. 


Verbreitung: M. tuberculatum tritt im Unteren Ceno- 
man auf. 


Die Art istin Europa weitverbreitet und darüber hinaus aus 
Nordafrika, Madagascar, dem NE-Iran und eventuell Indien 


Abmessungen: D Wh 

67-SE-25-36 30,5 31 (0,34 
67-SE-25-32 67,5 25,5 (0,38 
67-SE-25-34 60 24 (0,40) 
67-SE-25-31 56 24 (0,43 
67-SE-25-30 ld 2102081 
67-SE-25-33 46- 19 (0,41 


Die kleine Serie der verschiedenen Entwicklungsstadien 
läßt eine Rekonstruktion der Ontogenie der Art zu. 


Die Aufrollung ist zunächst mäßig evolut. Die relative Na- 
belweite nimmt aber im Verlauf der Ontogenie zu, während 
Windungshöhe und -breite im Verhältnis zum Durchmesser 
abnehmen. Der Nabel ist stets sehr tief eingesenkt. Der Quer- 
schnitt ist immer deutlich breiter als hoch und zunächst kan- 
tig, oktogonal. Im Alter gehen die äußeren Flanken kontinu- 
ierlich in die gerundete Externseite über. 


Die Skulptur besteht zunächst aus einem Wechsel von lan- 
gen Haupt- und kurzen Zwischenrippen. In frühen Stadien 
werden 1-2 Zwischenrippen eingeschaltet, in mittleren Sta- 
dien ıst es stets nur mehr eine. Im Alter können die Zwischen- 
rippen schließlich ganz verschwinden. Die Hauptrippen tra- 
gen zunächst Umbilikal-, Lateral-, Marginal- und Extern- 
knoten. Ab einem Durchmesser von ca. 22 mm verschwinden 
die Marginalknoten, die Externknoten bleiben stets klein und 
verschwinden gegen Ende der Entwicklung ebenfalls. Die 
Umbilikal- und vor allem die Lateralknoten entwickeln sich 
im Laufe der Ontogenese immer stärker, der Rippenabschnitt 
zwischen diesen beiden Knoten erscheint ebenfalls besonders 
kräftig und tritt deutlich hervor. 


Beziehungen: In frühen Stadien unterscheiden sich die 
Exemplare kaum von M. mantelli, allenfalls noch durch den 


Abmessungen: D Wh 
67-SE-25-49 62 25 (0,40) 


Die Aufrollung ist mäßig evolut, der Querschnitt hoch- 
oval. 


Die Skulptur besteht aus einem insgesamt regelmäßigen 
Wechsel von Haupt- und Zwischenrippen. Die Hauptrippen 
tragen Umbilikal-, Lateral-, schwache Marginal- und kräftige 
clavate Externknoten. Sıe knicken ın Höhe der Lateralknoten 
nach hinten um und biegen dann zur Externseite zu wieder 


bekannt. Aus dem Zentraliran wird M. tuberculatum hier 
zum ersten Mal beschrieben. 


Mantelliceras cantianum SPATH 1926 


(Taf. 4, Fig. 6) 


1979 Mantelliceras cantianum SPATH, 1926. — KENNEDY etal.,S. 33; 
Taf. 5, Fig. 3, 5; Taf. 7, Fig. 4 (mit Synonymie). 

1980 Mantelliceras cantianum SPATH, 1926. — MARCINOWSKI, 
S. 295; Abb. 15; Taf. 11, Fig. 6 (mit Synonymie). 

1981 Mantelliceras cantianum SPATH. — SEYED-EMAMI & ARYAI, 
S. 33; Taf. 8, Fig. 6; Taf. 9, Fig. 3 (mit Synonymie). 


Material: 7 Exemplare (67-SE-25-30/34, 36/37). 


Beschreibung: Für M. cantianum lassen sich besonders 
zahlreiche Mefßßwerte angeben. 


Wb Wh/Wb Nw 
39 (0,43) 0,80 34 (0,37) 
> (0,49) 0,77 21,5 (0,32) 

‚5 (0,48) 0,84 17 (0,28) 
ER (0,55) 0,77 17 (0,30) 
28,5 (0,55) 0,74 13 (0,25) 
24 (0,52) 0,79 11 (0,24) 


auffallend tiefen Nabel. Die Entwicklung der Skulptur, ins- 
besondere das Verschwinden der Marginalknoten bei gleich- 
zeitigem Hervortreten der Lateralknoten zeigt aber eindeutig 
die Zugehörigkeit zu M. cantianum. 


Größere Ähnlichkeit besteht auch zu M. sonaillonense (s. 


dort). 


Verbreitung: M. cantianum tritt im ganzen Unterce- 
noman auf. 


Die Art istin Europa weitverbreitet und darüber hinaus aus 
der südlichen UdSSR, dem NE- und Zentraliran, sowie aus 
Madagascar, Japan und den USA bekannt. 


Mantelliceras tenne SPATH 1926 
(Taf. 4, Fig. 7) 


1979 Mantelliceras tenue SPATH, 1926. - KENNEDY etal., S. 34 (mit 
Synonymie). 

1980 Mantelliceras tenue SPATH, 1926. — MARCINOWSKI, $. 292; 
Taf. 11, Fig. 1 (mit Synonymie). 


Material: 1 Exemplar (67-SE-25-49). 
Beschreibung: Das einzige hierher gehörende Exemplar 


ist schwach verdrückt, so daß es etwas hochmündiger er- 
scheint und umfaßt etwas über 1'/; Windungen. 


Wb Wh/Wb Nw 
18 (0,29 1,39 17,5 (0,28) 


nach vorne, wobei sıe etwas breiter werden. Die Zwischen- 
rippen tragen ebenfalls schwache Marginal- und kräftige cla- 
vate Externknoten. Alle Rippen queren die Externseite, z. T. 
sind sie dabei etwas abgeschwächt. 


Beziehungen: Die relativ evolute Aufrollung, der hoch- 
ovale Querschnitt und die Ausbildung der Skulptur, insbe- 
sondere die schwach nach hinten abknickenden Hauptrippen, 


das Persistieren der Lateralknoten und die clavate Ausprä- 
gung der Externknoten sprechen für eine Zugehörigkeit zu 
M. tenue. 


Kennepy et al. (1979: 34) betonen, daß M. tenue in der 
Skulptur den Arten M. mantelli und M. cantianum ähnelt, 
sich von beiden Formen aber im Querschnitt unterscheidet. 


Größere Übereinstimmung besteht allerdings mit M. cres- 
sierense und M. souaillonense. M. cressierense ähnelt M. te- 
nue vor allem im Querschnitt und im Rippenverlauf. Aller- 
dings unterscheidet sich M. cressierense durch das Ver- 
schwinden der Lateral- und Marginalknoten, sowie die weni- 
ger clavate Ausbildung der Externknoten. Bei M. sonaillo- 
nense knicken die Rippen ebenfalls in Höhe der Lateralkno- 
ten nach hinten um, die Art unterscheidet sıch aber durch den 
breiteren Querschnitt und die schwächeren und nicht clavat 
entwickelten Externknoten von M. tenue. 
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Verbreitung: M. tenue ist eine Art des Untercenomans 
und aus dem Anglo-Pariser Becken und der Schweiz bekannt. 
Ohne Abbildung wurde sie auch aus SE-Frankreich (THoMEL 
1972: 35) und dem Zentraliran (Kenneoy et al. 1979) be- 
schrieben. Erstaunlicherweise geben Kennepy et al. dabei für 
ihr Exemplar aus dem Glaukonitkalk des Kolah-Qazi-Gebir- 
ges einen gedrungenen Querschnitt an, mit einem Wh/Wb- 
Index von unter 1,0 (op. cit.: 34). 


Mantelliceras cressierense Renz 1963 
(Taf. 4, Fig. 8) 


1963 Mantelliceras (Mantelliceras) cressierense n. sp. — RENZ (in 
RENZ et al.), S. 1105; Taf. 4, Fig. 3. 


Material: 3 Exemplare (67-SE-25-46/47, 50). 


Beschreibung: Das am besten erhaltene Exemplar 
(67-SE-25-46) umfaßt knapp 1'/; Windungen. 


Wb Wh/Wb Nw 


Abmessungen: D Wh 
67-SE-25-47 54 24,5 (0,45) 
67-SE-25-46 53 24 (0,45) 


Die Aufrollung ist mäßig evolut, der Querschnitt hoch- 
oval, mit schwach gewölbten Flanken und schmaler gerunde- 
ter Externseite. 


Die Skulptur besteht zunächst aus leicht geschwungenen 
Hauptrippen, die an radial gelängten Umbilikalknoten ein- 
setzen und kräftige Externknoten tragen. Dazwischen schal- 
ten sich auf der tieferen Flanke jeweils 1-2 Zwischenrippen 
ein, die ebenfalls Externknoten tragen. Alle Rippen verbrei- 
tern sich nach außen zu deutlich und queren die Externseite 
ohne Unterbrechung. 


Beziehungen: Der hochovale Querschnitt und die Aus- 
bildung der Skulptur, insbesondere die auffällige Verbreite- 
rung der Rippen zur Externseite hin, stimmen am besten mit 
M. cressierense überein. Der Holotyp von Renz (1963) ist 
zwar noch hochmündiger (Wh/Wb: 1,63) und besitzt etwas 
weniger Rippen auf der letzten Windung (29 gegenüber 33 bei 
67-SE-25-46), doch dürfte der Unterschied darauf zurückzu- 
führen sein, daß es sich um ein etwas verdrücktes Exemplar 
handelt (op. cit: 1105), das zudem einen größeren Durchmes- 
ser (70 mm) besitzt. 


Die größte Ähnlichkeit besteht zu M. saxbii. Von dieser 
Art unterscheidet sich M. cressierense aber durch die etwas 


Abmessungen: D Wh 
67-SE-25-70 61 


Die Aufrollung ist mäßig evolut, der Querschnitt fast 
ebenso breit wie hoch. 


Die Skulptur der halben Windung besteht aus 17 kräftigen, 
weitstehenden Rippen, wobei jeweils eine lange Hauptrippe 
mit einer, manchmal auch zwei, Schaltrippen abwechselt. Die 
Hauptrippen besitzen gut entwickelte Umbilikal- und etwas 
schwächere Lateralknoten. Marginalknoten sind nicht ausge- 
bildet, dagegen Externknoten, die im Laufe der Ontogenese 
schwächer werden. Zwischen Umbilikal- und Lateralknoten 
scheinen die Hauptrippen deutlicher hervorzutreten, in Höhe 
des Lateralknotens knicken sie etwas nach hinten um. 


17,5 (0,32) 1,40 11,5 (0,21) 
17 _ (0,32) 1,41 11 


(0,21) 


stärker gewölbten Flanken, die Verbreiterung der Rippen zur 
Externseite zu und die deutlicher entwickelten Umbilikal- 


knoten. 


Was Aufrollung und Querschnitt betrifft, so besteht große 
Ähnlichkeit auch zu Utaturiceras vicinale (Stouıczka 1864). 
Von dieser - zuletzt von WIEDMANN & SCHNEIDER (1979: 672f) 
näher beschriebenen - Art unterscheidet sich M. cressierense 
aber durch den geraderen Verlauf der Rippen und die kräfti- 
gere Ausbildung derselben auf der tieferen Flanke. Auch feh- 
len Bifurkationen an den Umbilikalknoten. 


Verbreitung: M. cressierense ist bisher nur aus dem Un- 
tercenoman der Schweiz bekannt und wird hier erstmals auch 
aus dem Zentraliran beschrieben. 


Mantelliceras sonaillonense (Renz 1963) 
(Taf. 5, Eie. 1) 
1980 Mantelliceras sonaillonense (RENZ, 1963). -— MARCINOWSKI, 
S. 296; Taf. 12, Fig. 1 (mit Synonymie). 
Material: 1 Exemplar (67-SE-25-70). 


Beschreibung: Das einzige Exemplar besteht aus einer 
geringfügig verdrückten halben Windung. 


Wb Wh/Wb Nw 
23 (0,38) 1,04 16,5 (0,27) 


Beziehungen: Die leistenförmige Verstärkung der 
Hauptrippen zwischen Umbilikal- und Lateralknoten, ihr 
Abknicken auf der tieferen Flanke, das Fehlen von Marginal- 
knoten und der Abbau der Externknoten weisen auf die Art 
M. sonaillonense hin. 


Der Abbau der Beknotung erinnert dabei an M. thomel. 
Gegenüber dieser Art zeichnet sich M. souaillonense aller- 
dings durch den gedrungeneren Querschnitt und das Hervor- 
treten der Hauptrippen auf der tieferen Flanke aus. 

Die Betonung dieses Rippenabschnittes wiederum erinnert 


an M. cantianum. Von dieser Art unterscheidet sich 
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M. souaillonense aber durch den schlankeren Querschnitt, 
den weniger tiefen Nabel und die schwächer entwickelten 
Umbilikal- und Lateralknoten. 


Verbreitung: M. souaillonense tritt im oberen Unterce- 
noman auf. Die Art ist bisher aus dem Anglo-Pariser Becken, 
SE-Frankreich und der Schweiz bekannt. Sie wird hier erst- 
mals auch aus dem Zentraliran beschrieben. 


Abmessungen: D Wh 
67-SE-25-43 88 39,5 (0,45) 
67-SE-25-44 59 23 (0,39) 


Die Aufrollung ist mäßig evolut, der Querschnitt hochoval 
mit gleichmäßig gewölbten Flanken und breit gerundeter Ex- 
ternseite. 


Die Skulptur besteht aus einem Wechsel von Haupt- und 
Zwischenrippen, wobei die Rippen zunächst dicht stehen und 
scharf ausgeprägt sind. Später vergrößert sich der Abstand 
zwischen ihnen und sie selbst werden breiter und sind weni- 
ger deutlich abgesetzt. Die letzte halbe Windung umfaßt 
20-23 Rippen. Mit der Vergröberung der Berippung ist ein 
Abbau der Beknotung verbunden. Zwar ist die innerste Win- 
dung nicht zu erkennen, aber bei einem Durchmesser von ca. 
25 mm lassen sich auf denHauptrippen noch Lateral-, Margi- 
nal- und Externknoten erkennen. Bis auf die Externknoten 
werden alle Knoten im Verlauf der Ontogenese rasch redu- 
ziert. 


Beziehungen: Die auffallende Vergröberung der Berip- 
pung und der rasche und weitgehende Abbau der Beknotung 
stimmem am besten mit M. thomeli überein. Nach Coruic- 
non (1964: 91) verschwinden beim Holotyp allerdings auch 
die Externknoten völlig, während sıe bei dem vorliegenden 
Material noch bis zum Schluß zu erkennen sind. Der Unter- 
schied scheint aber zu geringfügig zu sein, um an einer Zuge- 
hörigkeit zur Art zu zweifeln. 


Abmessungen: D Wh 
67-SE-25-45 60 27 (0,45) 


Die Aufrollung ist mäßig involut, der Querschnitt hoch- 
oval mit gleichmäßig gewölbten Flanken und breit gerundeter 
Externseite. 


Die Skulptur besteht aus ca. 40 Haupt- und Zwischenrip- 
pen, wobei schwache Umbilikal- und Externknoten ausge- 
bildet werden. 


Beziehungen: Das starke Zurücktreten der Beknotung, 
auch in sehr frühen Stadien, weist das Stück als einen M. co- 
statum aus und unterscheidet es von allen anderen Mantellice- 
raten. 


Ungewöhnlich für M. costatum erscheint zunächst der 
hochmündige Querschnitt, da dieser meist breiter als hoch 
ausgebildet ist. Allerdings kann der Querschnitt nach Ken- 
NEDY & JUIGNET (1976: 89) zwischen ‚‚legerement comprime“ 
und ‚‚legerement deprime“ schwanken, und Kennepy et al. 
(1979: 35) beschreiben zumindest ein Exemplar aus dem 
Glaukonitkalk des Kolah-Qazi-Gebirges dessen Wh/Wb-In- 


Mantelliceras thomeli Collignon 1964 
(Taf. 5,Eig2 3) 
1964 Mantelliceras thomeli nov. sp. - COLLIGNON, $. 91; Taf. 348, 
Fig. 1551. 


1979 Mantelliceras thomeli COLLIGNON. — WIEDMANN & SCHNEI- 
DER, S. 670; Abb. 10B; Taf. 10, Fig. 4. 


Material: 3 Exemplare (67-SE-25-42/44). 


Beschreibung: Von zweien der Exemplare lassen sich 
verläßliche Meßwerte angeben. 


Wb Wh/Wb Nw 
34,5 (0,39) 1,14 19 (0,22 
21 (0,36) 1,10 ca.15 


Am engsten dürfte M. thomeli mit M. couloni verwandt 
sein, der einen vergleichbaren Skulpturwechsel besitzt. Al- 
lerdings unterscheidet sich M. conloni durch die evolutere 
Aufrollung und den hochmündigeren Querschnitt von 
M. thomeli. Einen guten Vergleich bildet eine Abbildung von 
M. couloni in Kennepy & Hancock 1978 (Taf. 7, Fig. 5), 
der ein Wh/Wb-Index von ca. 1,5 und eine Nabelweite von 
ca. 30% des Durchmessers entnommen werden kann. 


Verbreitung: M. thomeli ist eine seltene Art des unteren 
Cenomans, die bisher nur aus Madagascar und dem Nord- 
deutschen Kreidebecken bekannt ist. Sie wird hier zum ersten 
Mal auch aus dem Zentraliran beschrieben. 


Mantelliceras costatum (ManTELL 1822) 
(Taf. 5, Fig. 2) 


1979 Mantelliceras costatum (MANTELL), 1822. — KENNEDY et al., 
S. 35; Taf. 5, Fig. 1 (mit Synonymie). 

1980 Mantelliceras costatum (MANTELL, 1822). — MARCINOWSKI, 
S. 293; Taf. 11, Fig. 2-3 (mit Synonymie). 


Material: 1 Exemplar (67-SE-25-45). 


Beschreibung: Bei dem einzigen vorliegenden Exemplar 
handelt es sich um eine unverdrückte vollständige Windung. 


Wb Wh/wb Nw 
24,5 (0,41) 1,10 13,5 (0,23) 


dex genau 1,0 beträgt, und zwar bei einem Durchmesser von 
66 mm, was dem des hier beschriebenen Exemplares beson- 
ders nahe kommt. 


Verbreitung: M. costatum tritt im Untercenoman auf. 


Die Art ist aus dem Anglo-Pariser Becken, dem Norddeut- 
schen Kreide-Becken, von SE-Frankreich(?), Madagascar 
und dem Zentraliran bekannt. 


Mantelliceras ventnorense Diener 1925 


Beschreibung und Abbildung von Material aus dem Ko- 
lah-Qazi-Gebirge: s. KEnnepy et al. 1979: 36; Taf. 7, Fig. 3. 


Mantelliceras saxbii (SHARPE 1857) 
(Taf. 6, Fig. 5) 


1979 Mantelliceras saxbü (SHARPE), 1857. - KENNEDY et al., $. 36; 
Taf. 7, Fig. 5 (mit Synonymie). 


1980 Mantelliceras saxbii (SHARPE, 1857). -— MARCINOWSKI, S. 288; 
Taf. 9, Fig. 1-2 (mit Synonymie). 

1981 Mantelliceras saxbii (SHARPE). — SEYED-EMAMI & ARYAI, 
S. 34; Taf. 8, Fig. 7-8; Taf. 9, Fig. 1-2 (mit Synonymie). 


Abmessungen: D Wh 
67-SE-25-21 ca.83 37. 
67-SE-25-22 72. 34 (0,47) 
67-SE-25-13 49,5 22(0,44) 
67-SE-25-12 43 18 (0,42) 
67-SE-25-20 ca. 25 12 


Die Aufrollung ist mäßig involut, der Querschnitt stets 
deutlich höher als breit, mit subparallelen Flanken, die zur 
abgeflachten Externseite hin schwach konvergieren. 


Die Skulptur besteht aus einem etwas unregelmäßigen 
Wechsel von Hauptrippen, die mit schwachen Anschwellun- 
gen am Nabel beginnen, und Schaltrippen, die in ungleicher 
Höhe auf den Flanken einsetzen. Die letzte halbe Windung 
trägt 15-23 solcher Rippen, die leicht geschwungen verlaufen. 
Alle Rippen tragen kräftige Externknoten, zwischen ihnen 
scheinen die Rippen im Alter etwas abgeschwächt. Auf den 
inneren Windungen sind auch kleine Marginalknoten ange- 
deutet. 


Beziehungen: Der hochrechteckige Querschnitt mit den 
subparallelen Flanken und der abgeflachten Externseite, so- 
wie eine Beknotung, die sich fast auf die Externknoten be- 
schränkt, zeigt die Zugehörigkeit zu M. saxbiı. 


Besonders eng sind die Beziehungen zu M. couloni, der 
sich aber durch die gewölbten Flanken, eine schmälere Ex- 
ternseite und das vollständige Fehlen der Umbilikalknoten 
unterscheidet. Zweifellos bestehen Übergangsformen zwi- 
schen den beiden Arten. So kommt von dem hier beschriebe- 
nen Material dasExemplar 67-SE-25-22 dem Neotyp Cotic- 


Abmessungen: D Wh 
67-SE-25-71 40 17 (0,43) 


Die Aufrollung ist involut, der Querschnitt hochrechteckig 
mit nur geringfügig gewölbten Flanken und abgeflachter Ex- 
ternseite. 

Die Skulptur besteht aus einem unregelmäßigen Wechsel 
von langen Hauptrippen, die an der Umbilikalkante begin- 
nen, und 1-4 Zwischenrippen, die auf den Flanken in ver- 
schiedener Höhe einsetzen. Die Hauptrippen verlaufen recti- 
radiat bis z. T. deutlich prorsiradiat. Sie tragen kräftige Um- 
bilikal- und Fxternknoten, Lateral- und Marginalknoten sind 
angedeutet. Die Zwischenrippen weisen ebenfalls angedeu- 
tete Marginal- und kräftige Externknoten auf. Alle Rippen 
queren die Externseite ohne Unterbrechung oder Abschwä- 
chung. 

Beziehungen: Trotz der guten Erhaltung und der leicht 
zu charakterisierenden Morphologie ist eine artliche Zuord- 
nung schwierig. Aufrollung, Querschnitt und Skulptur - ins- 
besondere die deutlich prorsiradiaten Hauptrippen - stimmen 
ausgezeichnet mit dem von Kennepy (1971: Taf. 22, Fig. 2) 
abgebildeten Exemplar von M. gr. dixoni überein. Schon 
KEnneDy aber war es nicht möglich, aus dem ihm zur Verfü- 
gung stehenden Material auch nur ein einziges Exemplar 
exakt der Art M. dixoni zuzuordnen. Der Grund liegt wohl 
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Material: 15 Exemplare (67-SE-25-11/25). 


Beschreibung: Alle Exemplare sind unvollständig erhal- 
ten, die meisten auch etwas verdrückt. 


Wb Wh/Wb Nw 
27 1,37 20 
28 (0,39) 1,21 15 (0,21) 
17. (0,34) 1 ei 
14,5 (0,34) 1,24 10,5 (0,24) 
10,5 1,14 5 


nons (1937: Taf. 11) von M. couloni am;nächsten (vgl. auch 
TuomeL 1972: Taf. 2, Fig. 1-2 und 45), da die Flanken 
schwach gewölbt erscheinen und keine Umbilikalknoten 
entwickelt sind. Allerdings ist die Externseite keineswegs 
schmäler entwickelt als bei den anderen Stücken, weshalb hier 
auf eine Zuordnung zu M. conloni verzichtet wird. Immer- 
hin verdient in diesem Zusammenhang festgehalten zu wer- 
den, daß Zweifel an der Selbständigkeit der Art M. couloni 
bestehen (vgl. etwa Kennepy & Hancock 1971: 445). 


Verbreitung: M. saxbii ist die Leitform des mittleren 


Untercenomans. 


Die Art istin Europa weitverbreitet und darüber hinaus aus 
Nordafrika, Madagascar, der südlichen UdSSR, dem Zentral- 
iran und eventuell auch aus Indien bekannt. 


Mantelliceras gr. dixoni SparH 1926 
(Taf. 5, Eig. 5) 


1980 Mantelliceras ex. gr. dıxonı SPATH 1926. — MARCINOWSKI, 
S. 294; Taf. 11, Fig. 5 (mit Synonymie). 


Material: 2 Exemplare (67-SE-25-71/72). 


Beschreibung: Das besser erhaltene 
(67-SE-25-71) umfaßt knapp 1'/, Windungen. 


Exemplar 


Wb Wh/Wb Nw 
16,5 (0,41) 1,03 8,5 (0,21) 


darin, daß die Art vermutlich auf einem ‚‚pathological speci- 
men“ (Kennepy 1971: 59) begründet wurde, das sich bei 
einem Durchmesser von 30 mm durch einen Wechsel in der 
Skulptur auszeichnet, insbesondere durch den Verlust aller 
Knoten. Ein solcher Skulpturwechsel konnte außer am Holo- 
typ nicht mehr beobachtet werden, so daß alle später be- 
schriebenen Exemplare - einschließlich der hier vorgestellten 
— mit dem Zusatz „‚gr.““ im Namen zu versehen sind. 


Verbreitung: M. gr. dixoni ist leitend für das oberste 
Untercenoman. 


Exemplare, die unter der Bezeichnung ‚‚gr.‘“ dixoni zu- 
sammengefaßt werden können, sind bisher aus dem Anglo- 
Pariser Becken, von Polen und der südlichen UdSSR bekannt. 
Erstmals werden hier auch Exemplare aus dem Zentraliran 
beschrieben. 


Mantelliceras aff. conloni (D’Orsıcny 1840) 


Beschreibung und Abbildung von Material aus dem Ko- 
lah-Qazi-Gebirge: s. Kennepy etal. 1979: 37; Taf. 5, Fig. 2; 
aR27, Eie.72. 
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Gattung Sharpeiceras Hyarr 1903 


Sharpeiceras laticlavinm (SHaRPE 1855) 


Beschreibung und Abbildung von Material aus dem Ko- 
lah-Qazi-Gebirge: s. KEnnepy et al. 1979: 38; Taf. 8, 
Fig. 1-2. 


Sharpeiceras florencae SparH 1925 


1979 Sharpeiceras florencae SPATH, 1925. —- KENNEDY et al., S. 39; 
Taf. 8, Fig. 3 (mit Synonymie). 


Material: 1 Exemplar (67-SE-57-1). 
Beschreibung: Bei dem einzigen vorliegenden Exem- 


plar, das zur Gattung Sharpeiceras zu stellen ist, handelt es 
sich um die Viertelwindung eines Phragmokons. 


Die Aufrollung war vermutlich evolut, der Querschnitt ist 
hochrechteckig, mit subparallelen Flanken und abgeflachter 
Externseite, der Wh/Wb-Index beträgt 1,14. 


Die Viertelwindung besitzt 6 gerade, relativ weit auseinan- 
derstehende quadrituberkulate Einzelrippen. Die Umbilikal- 
sowie die etwas stärkeren Lateralknoten sind radial geringfü- 
gig gelängt. Die weitaus kräftigeren Ventralknoten sind rund, 
die ebenfalls deutlich ausgeprägten Externknoten clavat. Die 
Externseite wird von den Rippen nicht gequert. 


Beziehungen: Das Bruchstück stimmt in allen Details 
mit dem vollständigen Exemplar von S. florencae überein, 
das von Kennepy etal. (1979) aus dem Glaukonitkalk des Ko- 
lah-Qazi-Gebirges beschrieben wurde. 


Mit einer Ausnahme unterscheidet sich $. florencae von al- 
len anderen Sharpeiceraten deutlich durch die auffällige Beto- 
nung der Ventral- und Externknoten. Die Ausnahme betrifft 
S. kongo MATSUMOTO, MURAMOTO & TAKAHASHI 1969. Auch 
bei dieser Art dominieren die Ventral- und Externknoten 
stark durch ihre Größe. Nach MaTsumoTo et al. (1969: 265) 
unterscheidet sich $. kongo hauptsächlich durch die gerin- 
gere Anzahl der Rippen pro Windung von S. florencae. Ge- 
rade bezüglich dieses Merkmals aber erwähnen Kenneoy etal. 
(1979: 40), daß die Variationsbreite von $. florencae nach ıh- 
nen vorliegendem Material von Zululand beträchtlich ist. 


In ihrer sehr gründlichen Analyse der Gattung Sharpeice- 
ras betonen MATsumoTo et al. (1969: 264), daß über die Varia- 
tonsbreite der einzelnen Arten nur wenig bekannt ist. Liegen 
hier einmal detailliertere Untersuchungen vor, so wird sich 
vermutlich zeigen, daß $. kongo nur ein jüngeres Synonym 
von S. florencae ist. 


Abmessungen: D Wh 
67-SE-58-1 ca. 105 3255 


Die Aufrollung ist, soweit feststellbar, mäßig evolut, der 
Querschnitt breit, mit gleichmäßig gewölbten Flanken und 
gut gerundeter Externseite. 


Die halbe Windung trägt ca. 16 breite, abgerundete Rip- 
pen, bei denen sich Haupt- und Zwischenrippen ziemlich re- 
gelmäßig abwechseln. Die Hauptrippen beginnen an kräfti- 
gen, radial gelängten Umbilikalknoten. Alle Rippen queren 
die Externseite ohne Unterbrechung, wobei Externknoten 
angedeutet sein können. 


Verbreitung: S. florencae tritt im Unteren Cenoman 
auf. 

Die Art wurde bisher aus Südengland, Südafrika, Madagas- 
car und dem Zentraliran beschrieben und kommt eventuell 
auch in den USA und in Mexico vor. 


Gattung Acompsoceras Hyatt 1903 


Acompsoceras sp. indet 


Beschreibung und Abbildung von Material aus dem Ko- 
lah-Qazi-Gebirge: s. Kennepy et al. 1979: 41; Taf. 7, Fig. 1. 


Bemerkung: Ohne Angabe von Gründen oder Diskus- 
sion wird die Gattung Acompsoceras von KEnnepy et al. 
(1979: 40) zur Unterfamilie der Acanthoceratinae HyATT 1903 
gestellt, entgegen der sonst üblichen Einordnung bei den 
Mantelliceratinae, der hier gefolgt wird (vgl. C. W. WRIGHT 
1957: L413; Kennepy 1971: 67; JUIGNET & Kennepy 1976: 
100; Marcınowskı 1980: 299). 


Gattung Calycoceras Hyarr 1900 


Die Gattung Calycoceras hat mit Mantelliceras gemein- 
sam, daß ihre außerordentliche morphologische Variabilität 
bei einigen Bearbeitern zu einer Aufsplitterung in zahlreiche 
Untergattungen geführt hat. Der Stand der Diskussion wurde 
zuletzt von Marcınowskı (1980: 300) zusammenfassend dar- 
gestellt. 


Hier werden nur zwei Untergattungen als real betrachtet: 
C. (Calycoceras) und C. (Lotzeites), wobei sich die letztere 
durch die breiten Innenwindungen mit kräftigen Umbilikal- 
und besonders Lateralknoten von der ersteren unterscheidet. 


Untergattung Calycoceras (Calycoceras) Hyarr 1900 


Calycoceras (Calycoceras) navicnlare (MANTELL 1822) 
(Taf. 6, Fig. 1) 
1980 Calycoceras (Calycoceras) naviculare (MANTELL, 1822). — 
MARCINOWSKI, $. 301; Taf. 14, Fig. 1-2 (mit Synonymie). 

Material: 1 Exemplar (67-SE-58-1). 

Beschreibung: Infolge der schlechten Erhaltung lassen 
sich für das einzige sicher zuzuordnende Exemplar einige 
Mefwerte nur abschätzen. 


Wb Wh/Wb Nw 
38 0,86 ca. 30 


Beziehungen: Die breit abgerundeten Rippen und die, 
wenn auch nur angedeuteten Externknoten weisen auf C. 
(C.) navicnlare hın. 

Enge Beziehungen bestehen zwischen dieser Art und C. 
(C.) gentoni und C. (C.) boulei. Von beiden ist C. (C.) navi- 
culare aber durch die Skulptur unterschieden. Bei C. (C.) 
gentoni werden die Externknoten vollständig zurückgebildet 
und die Rippen sind nicht ganz so breit entwickelt. C. (C.) 
boulei unterscheidet sich insbesondere durch das lange Persi- 
stieren der Lateralknoten von C. (C.) naviculare. 


Verbreitung: C. (C.) naviculare wurde ursprünglich als 
leitend für das gesamte Obercenoman angesehen (vgl. Han- 
cock 1959: 252), späterhin nur noch für das untere Oberce- 
noman. Der Ersatz dieser letzteren naviculare-Zone im An- 
glo-Pariser Becken durch eine pentagonum-Zone ist bislang 
umstritten (vgl. Kennepy & Hancock 1977: Fußnote $. 136 
und Kennepy & Hancock 1978: V. 16). 


C. (C.) naviculare ist eine weltweit verbreitete Art, die hier 
— nach einer ersten Erwähnung von C. aff. naviculare durch 
SEYED-EMaMI (1977: 129) — erstmals auch aus dem Zentraliran 
beschrieben wird. 
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Calycoceras (Calycoceras) gentoni (BRONGNIART 1822) 
(Taf. 6, Fig. 3) 

1976 Calycoceras gentoni (BRONGNIART). — JUIGNET & KENNEDY, 
S. 109; Taf. 27; Fig. 1-5; Taf. 28, Fig. 1-7 (non 8-11) (mit Sy- 
nonymie). 

1978 Calycoceras gentoni (BRONGNIART). — KENNEDY & Han- 
cOcK, Taf. 9, Fig. 3-4; Taf. 10, Fig. 2-3,6 (non 5). 

Material: 2 Exemplare (67-SE-58-11/12). 


Beschreibung: Für die beiden Exemplare lassen sich die 
folgenden Mefßßwerte angeben. 


Abmessungen: D Wh Wb Wh/Wb Nw 
67-SE-58-11 114 43(0,38) 50(0,44) 0,86 37 (0,32) 
67-SE-58-12 88 38(0,43) 41(0,47) 0,93 21 (0,24) 


Die Aufrollung ist mäßig evolut, der Querschnitt etwas 
breiter als hoch, mit andeutungsweise abgeflachten Flanken 
und gut gerundeter Externseite. 


Die Skulptur besteht aus alternierenden, kräftig ausgebil- 
deten Haupt- und Zwischenrippen, wobei die Hauptrippen 
an deutlich entwickelten Umbilikalknoten einsetzen. Die 
letzte Windung trägt insgesamt ca. 34-36 Rippen, die alle die 
Externseite ohne Unterbrechung queren. 


Beziehungen: Von JuiGner & Kennepy (1976: 109 ff) 
hat die Art C. (C.) gentoni eine erfreuliche Revision erfahren. 
Durch die Einbeziehung einiger nicht eindeutig abzugren- 
zender ‚‚Arten‘“ — insbesondere C. paucıinodatum (Crıck 
1907) und C. subgentoni (SpatH 1926) — wurde der natürlı- 
chen Variationsbreite von C. (C.) gentoni Rechnung getra- 
gen. Gleichzeitig ist dadurch die Artdiagnose erleichtert, al- 
lerdings nur dann, wenn die Einbeziehungen auch konse- 
quent durchgeführt werden, und - entgegen JuIGnEr & Ken- 
NEDY (1976: 111f) — die alten Arten nicht zum größten Teil 
„par commodite“ (!) als ‚‚variants“ von C. (C.) gentoni wei- 
tergeführt werden. 


©. (C.) gentoni zeichnet sich zunächst durch seinen wenig 
breiten Querschnitt mit den nur mäßig gewölbten Flanken 
aus. Diagnostisch besonders wichtig ist das frühe Verschwin- 


den aller Knoten bis auf die Umbilikalknoten. Besonders 
hierin unterscheidet sich C. (C.) gentoni von den nahver- 
wandten Arten C. (C.) naviculare und C. (C.) boulei, bei 
denen die Externknoten bzw. die Lateralknoten persistieren. 


Der von JuıGnET & Kennepy (1976) vorgeschlagenen Ein- 
beziehung von C. (Lotzeites) bathyomphalum in die Art C. 
(C.) gentoni wird hier nicht gefolgt (s. dort). 


Verbreitung: ©. (C.) gentoni tritt in allen Zonen des 
Mittleren Cenomans auf. 


Die Art ist in Europa weit verbreitet und darüber hinaus 
aus Nord- und Südafrika, Madagascar, dem Vorderen Orient 
und Indien bekannt. Sie wird hier erstmals auch aus dem Zen- 
traliran beschrieben. 


Calycoceras (Calycoceras) boulei CoruiGnon 1937 
(Taf. 5, Fig. 4) 
1976 Calycoceras boulei COLLIGNON. — JUIGNET & KENNEDY, 
S. 108; Taf. 24, Fig. 1; Taf. 25, Fig. 3-4 (mit Synonymie). 
Material: 3 Exemplare (67-SE-58-15/17). 
Beschreibung: Die unvollständige Erhaltung und die 
teilweise Verdrückung erlauben nur die näherungsweise An- 
gabe einiger Meßwerte. 


Abmessungen: D Wh Wb Wh/Wb Nw 
67-SE-58-15 ca. 70 25 31 0,81 ca. 20 
67-SE-58-16 ca. 65 24 30 0,80 ca. 16 


Die Aufrollung ist mäßig evolut, der Querschnitt breit ge- 
rundet. 


Die Skulptur besteht zunächst aus kräftigen, deutlich abge- 
setzten, alternierenden Haupt- und Zwischenrippen. Die 
Hauptrippen tragen Umbilikalknoten, kräftig entwickelte 
Lateralknoten und ganz schwach ausgebildete Externknoten. 
Die Zwischenrippen setzten fast stets erst hoch auf der Flanke 
ein (oberhalb der Lateralknoten) und tragen ebenfalls 
schwach entwickelte Externknoten. Alle Rippen queren die 
Externseite ohne Unterbrechung, die letzte halbe Windung 
trägt insgesamt etwa 16-21 Rippen. 


Beziehungen: Für die Zugehörigkeit zu C. (C.) boulei 
spricht speziell die kräftige Entwicklung und das lange 
Durchhalten der Lateralknoten. Wie bereits Kennepy (1971: 


73) betont, und Marsumoro (1959: 76, Fig. 31) graphisch 
hervorhebt, unterscheidet sıch €. (C.) boulei insbesondere in 
diesem Merkmal von dem ansonsten sehr ähnlichen C. (C.) 
naviculare. Weitere Unterscheidungsmerkmale sind die ge- 
ringere Nabelweite und die schärfer betonten Rippen von C. 


(©.) boulei. 


Übereinstimmend mit dem von MATsumoTo (1959: 75) de- 
signierten Lectotyp für C. (C.) boulei (CorLicnon 1937: 
Taf. 5, Fig. 4) aus Madagascar, und dem von MATSUMOTO 
(1959: Taf. 20, Fig. 1) selbst beschriebenen Exemplar von 
Kalifornien zeichnen sich auch die hier vorgestellten Exem- 
plare aus der Gegend von Esfahan durch auffallend hoch auf 
der Flanke einsetzende Zwischenrippen aus. 
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Verbreitung: C. (C.) boulei ist insbesondere aus dem 
höheren Mittelcenoman (jnkesbrownei-Zone) beschrieben 
worden. 


Die Art ist aus dem Anglo-Pariser Becken, SE-Frankreich, 
Nord-Afrika, Madagascar und Kalifornien bekannt. Sie wird 
hier erstmals auch aus dem Zentraliran beschrieben. 


Abmessungen: D Wh 
67-SE-58-20 ca. 95 37 
67-SE-58-21 62,5 23 (0,37) 


Die Aufrollung ist ziemlich evolut, der Querschnitt nur ge- 
ringfügig breiter als hoch. Die Flanken sind nur ganz schwach 
gewölbt, die Externseite abgeflacht. 


Die Skulptur besteht aus regelmäßig alternierenden Haupt- 
und Zwischenrippen, die die Externseite ohne Unterbre- 
chung queren. Alle Rippen tragen Externknoten, die Haupt- 
rippen darüberhinaus Umbilikalknoten. 


Beziehungen: Die beste Übereinstimmung ergibt sich 
mit ©. (C.) choffati. Die Schwierigkeit der genauen Anspra- 
che dieser Art liegt darin, daß der Holotyp Kossmats (1897: 
Taf. 4, Fig. 1) offensichtlich eine randliche Position in der 
Varıationsbreite der Art einnimmt (s. dazu die Diskussion in 
JUIGNET & Kennepy 1976: 109). 


Immerhin lassen folgende Merkmale eine Identifikation 
mit der Art zu: der subquadratische Querschnitt (Wh/Wb- 
Index nahe bei 1,0, Flanken und Externseite abgeflacht) und 
das Persistieren der Externknoten. 


Einzig in der Dichte der Berippung scheint zunächst ein 
Unterschied zu bestehen, da das Exemplar 67-SE-58-21 nur 
ca. 35 Rippen/Windung aufweist, während der Holotyp 
54 Rippen/Windung besitzen soll und ansonsten ein Durch- 
schnittswert von 48 angegeben wird (JUIGNET & KENNEDY 
1976: 109). Der Unterschied beruht aber lediglich auf der ge- 
ringeren Zahl von Zwischenrippen bei dem iranischen Mate- 
rial. Hauptrippen treten an dem Stück 67-SE-58-21 ca. 15-16 
pro Windung auf, was zwischen den Durchschnittswerten 
liegt, die von THomeı (1972: 71) mit 14-15 und von JUIGNET & 
Kennepy (1976: 109) mit 18 angegeben werden. Bei sonst 
vollständiger Übereinstimmung scheint die etwas geringere 
Anzahl von Zwischenrippen allein kein ausreichender Grund 


Abmessungen: D Wh 
67-SE-58-24 ca.1065 41 
19 


Die Aufrollung ist evolut, der Querschnitt etwas höher als 
breit, mit mäßig gewölbten Flanken und breit gerundeter Ex- 
ternseite. 


Die Skulptur besteht aus alternierenden Haupt- und Zwi- 
schenrippen und zeigt einen deutlichen Wechsel im Verlauf 
der Ontogenese. Auf der Innenwindung sind die Rippen noch 
deutlich und verhältnismäßig scharf akzentuiert ausgebildet, 
auf der äußeren Windung erscheinen sie dagegen breit und 
flach, sowie - insbesondere auf der tieferen Flanke - nur sehr 
unscharf abgegrenzt. Die Beknotung besteht aus Umbilikal- 
knoten und schwach entwickelten Externknoten. 


Calycoceras (Calycoceras) choffati (KossmaT 1897) 
(Taf. 6, Fig. 2) 
1976 Calycoceras choffati (KOSSMAT). — JUIGNET & KENNEDY, 


S. 108; Taf. 23, Fig. 2; Taf. 25, Fig. 1; Taf. 26, Fig. 2 (mit Sy- 
nonymie). 


Material: 2 Exemplare (67-SE-58-20/21). 


Beschreibung: Von den beiden hierher gehörigen Ex- 
emplaren lassen sich die folgenden Meßwerte angeben. 


Wb Wh/Wb Nw 
39 0,95 — 
25,5 (0,41) 0,90 ca. 16 


zu sein, der eine spezifische oder auch nur subspezifische Ab- 
trennung rechtfertigen würde. 


Besonders enge Beziehungen bestehen zwischen C. (C.) 
choffati und C. (C.) gentoni. Diese Art weist einen ähnlichen 
Querschnitt auf, wenn auch die Flanken nicht ganz so deut- 
lich abgeflacht sind wie bei C. (C.) choffati. Darüber hinaus 
unterscheidet sich C. (C.) gentoni durch das frühe Ver- 
schwinden der Externknoten von der hier besprochenen Art. 


Das lange Persistieren der Externknoten hat C. (C.) chof- 
fati mit C. (C.) navicnlare gemeinsam, unterscheidet sich 
von dieser Art aber deutlich durch den weniger breiten Quer- 
schnitt und die schärfer betonten Rippen. 


Verbreitung: C. (C.) choffati ist insbesondere im höhe- 
ren Mittelcenoman häufig. 


Die Art ist bisher aus dem Anglo-Pariser Becken, SE- 
Frankreich, Nord- und Südafrika, Madagascar, Syrien und 
Südindien bekannt. Sie wird hier erstmals auch aus dem Zen- 
tralıran beschrieben. 


Calycoceras (Calycoceras) newboldi planecostatum (KossMAT 
1898) 
(Taf. 6, Fig. 4) 

1971 Calycoceras newboldı planecostata (KOSSMAT). — KENNEDY, 
S. 76; Taf. 41, Fig. 1-2. 

1972 Newboldiceras (Newboldiceras) planecostata (KOSSMAT). — 
THOMEL, $. 113; Taf. 42, Fig. 5-7 (mit Synonymie). 

Material: 1 Exemplar (67-SE-58-24). 


Beschreibung: Für das sehr unvollständig erhaltene Ex- 
emplar lassen sich nur wenige exakte Meßwerte angeben. 


Wb Wh/Wb Nw 
37. 51 car27 
17,5 1,08 


Beziehungen: Die breiten, aber nur flach und etwas dif- 
fus entwickelten Rippen der äußeren Windung zeigen deut- 
lich das charakteristische Merkmal der Unterart C. (C.) new- 
boldi planecostatum. Besonders gut stimmt das Exemplar mit 
einer Abbildung CorLicnons (1964: Taf. 362, Fig. 1587) 
überein. 


Auch die Form des Querschnitts - nur mäßig gewölbte 
Flanken, sowie breit gerundete Externseite - spricht für diese 
Zuordnung. Ungewöhnlich erscheint dagegen der Wh/Wb- 
Index von deutlich über 1,0, gegenüber 0,89 beim Holotyp 
(nach Kossmar 1898: 116). Zum Teil mag das an der Verdrük- 


kung liegen, sicher handelt es sich aber tatsächlich um ein un- 
gewöhnlich schlankes Exemplar. Die Variatsbreite von C. 
(C.) newboldi planecostatum kann wegen der nur wenigen 
bekannten Exemplare nur geschätzt werden. COLLIGNON 
(1964: 120) beschreibt ein Stück mit einem Wh:Wb-Index von 
0,86, THomeı (1972: 113) ein solches mit 0,94. Kossmart (1898: 
116) gibt neben dem Holotyp noch die Maße eines größeren 
Exemplars an, bei dem der Wh/Wb-Index bis auf 1,04 an- 
steigt, und einer Abbildung Kenneoys (1971: Taf. 41, 
Fig. 1b) kann ein Wh/Wb-Index von 1,08 entnommen wer- 
den. Das hier beschriebene Exemplar dürfte also - wenn auch 
nur randlich — durchaus in die Variationsbreite von C. (C.) 
newboldi planecostatum fallen. 

Von den zahlreichen anderen Unterarten von C. (C.) new- 
boldi, insbesondere von dem in vielen Details ähnlichen C. 
(C.) newboldi ankomacaensis CoLLiGnon 1937 und €. (C.) 
newboldi madagascariensis CoLLiGnon 1937 unterscheidet 
sich ©. (C.) newboldi planecostatum im Alter durch die brei- 
ten, unscharf entwickelten Rippen. 


Abmessungen: D Wh 


67-SE-58-25 62 247(0,39) 


13,5 


Die Aufrollung ist deutlich evolut, der Querschnitt gut ge- 
rundet, mit gleichmäßiger Wölbung der Flanken und der Ex- 
ternseite, seine Breite nimmt im Laufe der Ontogenese ab. 

Die Skulptur besteht zunächst aus alternierenden, kräftig 
ausgebildeten Haupt- und Zwischenrippen. Die Beknotung 
verändert sich während der Ontogenese deutlich. Auf der In- 
nenwindung sind Umbilikal-, sehr kräftige Lateral-, sowie 
Externknoten vorhanden. Die Lateral- und Externknoten 
werden auf der äußeren Windung abgebaut, während die 
Umbilikalknoten persistieren. 

Beziehungen: Der ontogenetische Wandel in Quer- 
schnitt und Skulptur, insbesondere die breite Innenwindung 
mit den kräftig entwickelten Lateralknoten, weisen das Ex- 
emplar als Vertreter der Untergattung C. (Lotzeites) aus. 

Innerhalb dieser Untergattung besteht die beste Überein- 
stimmung mit C. (L.) bathyomphalum. Von der Typusart C. 
(L.) aberrans (Kossmart 1895) unterscheidet sich C. (L.) ba- 
thyomphalum durch den raschen ontogenetischen Abbau der 
Lateralknoten, von dem ebenfalls nahe verwandten C. (L.) 
lotzei WIEDMAnN 1959 durch die auf der Innenwindung re- 
gelmäßig eingeschalteten Zwischenrippen. 

Neuerdings haben JuıGnETr & Kennedy (1976: 109f) im 
Zuge ihrer Revision von C. (C.) gentoni auch C. (L.) ba- 
thyomphalum als Synonym der ersteren Art betrachtet. Im 
Gegensatz zu den anderen, ebenfalls in Synonymie verwiese- 
nen Arten - insbesondere C. paucinodatum (Crick 1907) 
und €. subgentoni (Spark 1926) — scheinen aber bei C. (L.) 
bathyomphalum keine Übergangsformen vorzuliegen, die 
einen solchen Schritt rechtfertigen. In ihrer Tafel 28 haben 
Juisnet & Kennepy (1976) eine ganze Serie von Innenwin- 
dungen abgebildet, die alle zu C. (C.) gentoni gestellt wer- 
den. Aber allenfalls ein Exemplar, nämlich die Fig. 8 könnte 
eine gewisse vermittelnde Stellung einnehmen. Ansonsten 
aber unterscheiden sich die kräftig skulptierten Formen 


Abmessungen: D Wh 
67-SE-59-1 ca. 65 27, 


25,5 (0,41) 0,94 
18,5 0,73 
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Verbreitung: C. (C.) newboldi planecostatum tritt im 
oberen Mittel- und unteren Obercenoman auf. 


Die Art ist bisher aus dem Anglo-Pariser Becken, SE- 
Frankreich, Madagascar und Indien bekannt und wird hier 
erstmals auch aus dem Zentraliran beschrieben. 


Untergattung Calycoceras (Lotzeites) WIEDMANN 1959 


Calycoceras (Lotzeites) bathyomphalum (Kossmar 1895) 
(Taf..7, Big. 1) 
1971 Calycoceras bathyomphalum (KOSSMAT). — KENNEDY, $. 74; 
Taf. 38, Fig. 1, 2? (mit Synonymie). 
Material: 1 Exemplar (67-SE-58-25). 


Beschreibung: Das ganz geringfügig verdrückte Exem- 
plar umfaßt knapp 1'/; Windungen. 


Wb Wh/Wb Nw 
20 (0,32) 


(‚„‚var. bathyomphalum“, op. cit: Taf. 28, Fig. 9-11) so deut- 
lich von den übrigen, daß ihre Abtrennung gerechtfertigt er- 
scheinen würde. 


Mangelnde Übergangsformen und die Unsicherheit der 
Zuordnung juveniler Innenwindungen dürften auch der 
Grund sein, warum trotz der erwähnten Gleichsetzung von 
C. (C.) gentoni und C. (L.) bathyomphalum die Untergat- 
tung C. (Lotzeites) etwa von Kennepy & Hancock (1968: 
V. 16) weiterhin aufrechterhalten wird. 


Verbreitung: ©. (L.) bathyomphalum scheint eine weite 
stratigraphische Verbreitung zu besitzen. Nach CoLLIGNoN 
(1964: 73) tritt die Art im unteren Cenoman auf, nach Ken- 
neDy (1971: 74) ist sie in SE-England im mittleren Mittelce- 
noman (acutus-Zone) verhältnismäßig häufig. THoMEL (1972: 
78) berichtet vom Auftreten einer ähnlichen Form - C. (L.) 
cf. bathyomphalum - ım Obercenoman (Zone 6) von SE- 
Frankreich. 


Die Art ist bisher aus SE-England, Madagascar und Indien 
bekannt. Sie wird hıer erstmals auch aus dem Zentraliran be- 
schrieben. 


Gattung Eucalycoceras SPATH 1923 


Eucalycoceras gothicum (Kossmar 1895) 
(Taf. 7, Fig. 2) 
1971 Eucalycoceras gothicum (KOSSMAT). — KENNEDY, $. 83; 
Taf. 50, Fig. 1-2 (mit Synonymie). 
1973 Encalycoceras gothicum (KOSSMAT). — POP & SzAsz, S. 190; 
Taf. 8, Fig. 2; Taf. 9; Taf. 10, Fig. 2 (mit Synonymie). 
Material: 1 Exemplar (67-SE-59-1). 
Beschreibung: Das sehr unvollständige, etwas ver- 
drückte Exemplar umfaßt eine knappe halbe Windung, die 
z. T. nur eine Schätzung der Meßwerte zuläßt. 


Wb Wh/Wb Nw 
25,5 1,06 20 
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Der offene Nabel verrät eine mäßig evolute Aufrollung. 
Der Querschnitt ist ausgezeichnet durch eine tiefe senkrechte 
Nabelwand, annähernd parallele Flanken und eine breite, 
median zugeschärfte Externseite. 


Die Skulptur besteht aus relativ breiten Hauptrippen, die 
an radıal gelängten Umbilikalknoten einsetzen, und 2-3 
gleichstarken Zwischenrippen, die erst auf der Flanke einset- 
zen. Die Umbilikalknoten ziehen um die Nabelkante herum 
und bilden auf der Nabelwand kräftige Wülste. Außer ihnen 
sind noch clavate untere und obere Marginalknoten sowie et- 
was schwächer entwickelte Siphonalknoten vorhanden. 


Beziehungen: Querschnitt und Skulptur, insbesondere 
das Fehlen von Lateralknoten, verweisen auf die Gattung Eu- 
calycoceras. 


Die relativ weitstehenden groben Rippen und die kräftigen 
Umbilikalknoten, die über die senkrechte Nabelwand gezo- 
gen sind, kennzeichnen das Exemplar als E. gothicum und 
unterscheiden es von allen anderen Eucalycoceraten. 


Verbreitung: E. gothicum tritt vom oberen Mittelce- 
noman bis ins tiefere Obercenoman hinein auf. 


Die Art ist aus dem Anglo-Pariser Becken, den Karpathen, 
Nordafrika (?) und Südindien bekannt. Sie wird hier erstmals 
auch aus dem Zentraliran beschrieben. 


UNTERFAMILIE ACANTHOCERATINAE 
GROSSOUVRE 1894 


Gattung Acanthoceras NEUMAYR 1875 


Acanthoceras cf. rhotomagense sussexiense (ManTEıı 1822) 
(Taf. 7, Fig. 3) 


Material: 1 Exemplar (67-SE-60-1). 


Beschreibung: Das höchst unvollständige Bruchstück 
läßt keine Angaben von Meß werten zu. Es stammt von einem 
großen Exemplar das wohl einen Durchmesser von mehr als 
200 mm besessen haben dürfte. Der Querschnitt weist annä- 
hernd flache Flanken auf, die zur ebenfalls abgeflachten Ex- 
ternseite hin konvergieren. 


Die Skulptur zeigt breite Einzelrippen, die Umbilikal-, 
große runde Marginal- und clavate Externknoten tragen. 


Beziehungen: Größe, Querschnitt und Skulptur ver- 
weisen auf die Gattung Acanthoceras. Die auffällig großen 
runden Marginal- und die clavaten Externknoten geben wei- 
tere Anhaltspunkte. 


Ein vergleichbarer Beknotungstyp tritt etwa bei A. latum 
Crick 1907 und A. whitei MatsumoTo 1959 auf. Beide Arten 
besitzen aber subparallele Flanken. Berücksichtigtman neben 
der Skulptur auch den Querschnitt kommt besonders die Un- 
terart A. rhotomagense sussexiense dem hier beschriebenen 
Exemplar recht nahe. Dieses ist allerdings viel zu unvollstän- 
dig erhalten, um eine eindeutige Artbestimmung tatsächlich 
zuzulassen. 


Verbreitung: A. rhotomagense sussexiense ist aus dem 
Mittleren Cenoman des Anglo-Pariser Beckens sowie von 
SE-Frankreich und Madagascar bekannt. 


Nach ersten Erwähnungen durch Seyep-Emami et al. (1971: 
21) und Sevep-Emami (1977: 129) wird hier erstmals ein Ver- 


treter der Gattung Acanthoceras auch aus dem Zentraliran 
beschrieben. 


Acanthoceras juv. sp. 


(Taf. 7, Fig. 5) 
Material: 3 Exemplare (67-SE-60:2/4). 


Beschreibung: Bei allen vorliegenden Exemplaren han- 
delt es sich um juvenile Bruchstücke, für die sich keine exak- 
ten Meßwwerte angeben lassen. Die Durchmesser lagen 
durchweg unter 30 mm, die Aufrollung läßt sich nicht mehr 
genau rekonstruieren. Der Querschnitt war verhältnismäßig 
breit und kantig. 


Die Skulptur besteht aus kräftigen geraden Einzelrippen, 
die alle etwas abgeschwächt die Externseite queren und Ex- 
tern- sowie niedrigere Siphonalknoten tragen. Jede zweite 
Rippe besitzt zudem rundliche Ventrolateralknoten. 


Beziehungen: Eine sichere artliche Bestimmung ist bei 
Nuclei von Acanthocerataceen praktisch nicht möglich. Al- 
lenfalls die Gattung läßt sich feststellen, wobei die Unter- 
schiede zwischen juvenilen Acanthoceraten und Calycocera- 
ten oft nur sehr geringfügig sind. Insgesamt sprechen aber der 
kantige Querschnitt, die externe Abschwächung der Rippen 
und die relativ hoch auf den Flanken sitzenden Ventrolateral- 
knoten doch für eine Zugehörigkeit zu Acanthoceras (vgl. 
Immer 1979: 629). 


Verbreitung: Die Gattung Acanthoceras ist leitend für 
das Mittlere Cenoman, reicht aber eventuell noch ins Ober- 
cenoman hinein. 


Gattung Protacanthoceras SpatH 1923 


Protacanthoceras sp. 
(Taf. 7, Fig. #) 


Material: 5 Exemplare (67-SE-61-1/5). 


Beschreibung: Alle Exemplare sınd schlecht erhalten 
und lassen keine genauen Messungen zu, der Durchmesser 
betrug jeweils weniger als 60 mm. Die Aufrollung ist nicht 
mehr rekonstruierbar, der Querschnitt höher als breit, die 
abgeflachten Flanken gehen kontinuierlich in die Externseite 
über. 


Die Skulptur besteht aus einem Wechsel langer Haupt- und 
kürzerer Zwischenrippen. Von der Beknotung kann mit Si- 
cherheit nur gesagt werden, daß dicht beieinander stehende 
clavate Extern- und Siphonalknoten existieren. 


Beziehungen: Der Querschnitt, soweit er sich rekon- 
struieren läßt, vor allem aber die eng nebeneinander verlau- 
fenden Reihen der clavaten Extern- und Siphonalknoten ver- 
weisen eindeutig auf die Gattung Protacanthoceras. 


Eine nähere artliche Bestimmung läßt die schlechte Erhal- 
tung allerdings nicht zu. 


Verbreitung: Die Gattung Protacanthoceras setzt zwar 
bereits im mittleren Cenoman ein, besitzt ihre Hauptverbrei- 
tung aber im unteren Obercenoman. Vertreter dieser Gattung 
werden hier zum ersten Mal auch aus dem Zentraliran be- 
schrieben. 


UNTERORDNUNG ANCYLOCERATINA 
WIEDMANN 1966 
ÜBERFAMILIE TURRILITACEAE Gıır 1871 


FAMILIE HAMITIDAE Gır 1871 


Gattung Hamites Parkınson 1811 


Untergattung Hamites (Hamites) Parkınson 1811 


Die Untergattung H. (Hamites) wird im Anschluß an die 
detaillierte und begründete Analyse von WIEDMANN & DieEnI 
(1968: 51f) weit gefaßt. Insbesondere Stomohamites Breı- 
STROFFER 1940 wird als jüngeres Synonym von H. (Hamites) 
angesehen. Diese Ansicht ist zuletzt auch von ScHoız (1979a: 
16) vertreten worden. 


Hamites (Hamites) charpentieri Pıcrer 1847 
(Taf. 7, Fig. 6) 
1968 Hamites (Hamites) charpentieri PICTET. - WIEDMANN & DIE- 
NI, $. 56; Abb. 28-29; Taf. 5, Fig. 3, 9 (mit Synonymie). 
Material: 1 Exemplar (67-SE-62-1). 


Beschreibung: Bei dem vorliegenden Exemplar handelt 
es sich um ein 35 mm langes, etwas beschädigtes, fast gerades 
Bruchstück. Der Durchmesser ist hochoval (Wh/Wb = 11,5: 
9,5 mm = 1,21). 


Die Skulptur besteht aus kräftigen geraden Einzelrippen, 
die weder intern noch extern unterbrochen sind. Auf ein In- 
tervall von der Länge der Windungshöhe entfallen 7 solcher 
Rippen. 


Beziehungen: Die nicht unterbrochenen Einzelrippen 
und der Rippenindex von 7 weisen das Exemplar als 7. (H.) 
charpentieri aus. Diese Art unterscheidet sich vor allem durch 
die genannten Merkmale von dem nahverwandten H. (H.) 
virgulatus BRONGNIART 1822, bei dem die Rippen häufig dor- 
sal unterbrochen sind und zudem weiter auseinanderstehen 
(Rippenindex: 5). Außerdem verlaufen bei 7. (H.) virgula- 
tus die Rippen häufig prorsiradiat. Zwar wurde wiederholt 
auf Übergangsformen zwischen H. (H.) charpentieri und H. 
(H.) virgulatus hingewiesen, doch wird hier mangels eigenem 
Material von einer Vereinigung der beiden Arten abgesehen. 
Sie könnte nach WIEDMANN & Dieni (1968: 57) möglich sein, 
und wurde von Scnorz (1979a: 18) auch durchgeführt. 


Verbreitung: H. (H.) charpentieri ist auf das höhere 
Oberalb beschränkt und bisher aus dem Anglo-Pariser Bek- 
ken, der Schweiz und von Sardinien bekannt. Die Art wird 
hier erstmals auch aus dem Zentraliran beschrieben. 


Hamites (Hamites) duphicatus Pıcrer & CamricHE 1861 
(Taf. 7, Fig. 7) 
1976 Stomohamites duplicatus (PICTET et CAMPICHE). — JUIGNET & 
KENNEDY, $. 51; Taf. 1, Fig. 7. 
1980 Hamites (Stomohamites) duplicatus PICTET & CAMPICHE, 
1861. — MARCINOWSK1, $. 250; Taf. 3, Fig. 1-2 (mit Synony- 
mie). 


Material: 1 Exemplar (67-SE-62-2). 
Beschreibung: Das vorliegende Exemplar ist ein 24 mm 


langes, schwach gekrümmtes Bruchstück, mit etwas ovalem 
Querschnitt (Wh/Wb = 9,5: 8,5 mm = 1,12). 


Die Skulptur besteht aus relativ feinen aber scharf ausge- 
prägten geraden Rippen, die auf der Internseite deutlich abge- 
schwächt sind. Auf eine der Windungshöhe entsprechende 
Länge entfallen 9 Rippen. 
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Beziehungen: Die dichtstehenden feinen, intern abge- 
schwächten Rippen und der Rippenindex von 9 entsprechen 
genau der Art H. (H.) duplicatus. Die von Pıcrer & CAmpicHE 
(1861: 87) für die Namengebung entscheidende Verdoppe- 
lung der Rippen auf der Internseite ist selbst auf den Original- 
abbildungen (op. cit.: Taf. 54, Fig. 7-9) nicht zu erkennen. 


Von dem nahverwandten FH. (H.) virgulatus BRONGNIART 
1822 unterscheidet sich A. (H.) duplicatus durch den geraden 
Rippenverlauf und den höheren Rippenindex. Nach Wıen- 
MANN & Dıeni (1968: 55) soll 7. (H.) duplicatus allerdings 
nur ein jüngeres Synonym von H. (H.) virgulatus sein. Da- 
mit wiedersprechen die beiden Autoren allerdings ihrer eige- 
nen Diagnose, nach der A. (H.) virgulatus ausgezeichnet ist 
mit „‚in der Regel schwach prorsiradiaten Rippen, von denen 
etwa 5 auf ein Intervall vom Betrag der entsprechenden Win- 
dungshöhe entfallen“ (op. cit.: 54). Die Vereinigung der bei- 
den Arten im Sinne von WIEDMANN & DiEni (1968) wird auch 
von CoOPER & Kennedy (1979: 228) abgelehnt - allerdings 
ohne Begründung. 


Eine der Art H. (H.) duplicatus nahverwandte Form ist 
auch H. (H.) lineatus SparH 1941, die eine vergleichbar dichte 
Berippung aufweist. 


Allerdings unterscheidet sich A. (H.) lineatus durch den 
schrägen Verlauf der Rippen, die zudem intern nicht oder nur 
ganz geringfügig abgeschwächt sind. 

Verbreitung: H. (H.) duplicatus ist aus dem obersten 
Alb des Anglo-Pariser Beckens, der Schweiz und von Angola 
bekannt. In Polen und der südlichen UdSSR soll die Art bis 
ins mittlere Mittelcenoman reichen. Sie wird hier erstmals 
auch aus dem Zentraliran beschrieben. 


Hamites (Hamites) simplex (D’Orsıcny 1842) 


Beschreibung und Abbildung von Material aus dem Ko- 
lah-Qazi-Gebirge: s. KEnnepy et al. 1979: 9; Taf. 1, Fig. 5. 


FAMILIE ANISOCERATIDAE Hyarr 1900 


Gattung Anisoceras PıcrEr 1854 


Untergattung Anzsoceras (Anisoceras) PıctEr 1854 


Anısoceras (Anisoceras) armatum ()J. SOwErBY 1817) 
(Taf. 7, Fig. 8) 

1979 Anısoceras (Anısoceras) perarmatum PICTET & CAMPICHE, 
1861. -— COOPER & KENNEDY, $. 196; Abb. 12 A-H; Abb. 
13 C-D; Abb. 14 A-C; Abb. 15C-F; Abb. 16B (mit Synony- 
mie). 
Anısoceras (Anisoceras) armatum ()J. SOWERBY, 1817). — CoO- 
PER & KENNEDY, $. 200; Abb. 13 A-B; Abb. 14D-E; Abb. 
16A, C, E, I; Abb. 17-19 (mit Synonymie). 

1979 Anısoceras (Anısoceras) armatum (SOWERBY, 1817). - SCHOLZ, 
S. 25; Abb. 8 A-C; Taf. 2, Fig. 1-10; Taf. 3, Fig. 1-5; Taf. 4, 
Fig. 1-3 (mit Synonymie). 

1979 Anisoceras (Anısoceras) armatum (J. SOWERBY, 1817). — IM- 
MEL, S. 634; Taf. 4, Fig. 6 (mit Synonymie). 


Material: I Exemplar (67-SE-63-1). 

Beschreibung: Bei dem vorliegenden Exemplar handelt 
es sich um ein äußerst schlecht erhaltenes Bruchstück von 
41 mm Länge und rundlichem Querschnitt. 

Die Flanken werden von kräftigen schrägen Rippen ge- 


quert, die zwischen jeweils zwei Knoten eine Nadelöhrdiffe- 
renzierung ausbilden. 
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Beziehungen: Wie ScHoız (1979) an seinem reichen Ma- 
terial aus dem obersten Alb des Bakony-Gebirges (Westun- 
garn) zeigen konnte, bestehen bei den Anisoceraten hinsicht- 
lich Rippenstärke und Anzahl der Zwischenrippen so flie- 
ßende Übergänge, daß es notwendig ist, mehrere bis dahin 
unterschiedene ‚‚Arten“ zusammenzufassen. Insbesondere 
erweist sich A. (A.) perarmatum PıctEr & CamPicHe 1861 als 
jüngeres Synonym von A. (A.) armatum. 


Durch die auf diese Weise erweiterte Artfassung wird das 
hier beschriebene Exemplar gut erfaßt, da es zwischen den 
Nadelöhren an einer Stelle eine schwach entwickelte Zwi- 
schenrippe aufweist. Es handelt sich damit um eine Über- 
gangsform zwischen den alten ‚‚Arten“ A. (A.) armatum, die 
stets 1-2 Zwischenrippen aufweisen sollte, und A. (A.) per- 
armatum, für die das Fehlen von Zwischenrippen als charak- 
teristisch angesehen wurde. 


Gegenüber dem nahverwandten A. (A.) saussureanum 
(Pıcrer 1847) unterscheidet sich A. (A.) armatum durch die 
kräftigere und unregelmäßigere Berippung sowie die charak- 
teristische Nadelöhrdifferenzierung. 


Verbreitung: A. (A.) armatum ist im obersten Alb weit- 
verbreitet und reicht lokal eventuell noch ins untere Cenoman 
hinein. 

Die Art ist aus dem Anglo-Pariser Becken, der Schweiz und 
Sardinien sowie von Angola, Texas und Mexico bekannt. Sie 
wird hier erstmals auch aus dem Zentraliran beschrieben. 


Gattung /diohamites Sparh 1925 


Idiohamites dorsetensis SpArH 1926 
(Taf. 7, Fig. 9) 


1979 Idiohamites dorsetensis SPATH, 1926. — COOPER & KENNEDY, 
$. 222; Abb. 30 (mit Synonymie). 


Material: 1 Exemplar (67-SE-64-1). 


Beschreibung: Das vorliegende Bruchstück besitzt eine 
Länge von knapp 50 mm und einen hochovalen Querschnitt 
(Wh/Wb = 16,5: 13 mm = 1,27). 


Die Skulptur besteht aus weitstehenden prorsiradiaten 
Einzelrippen, die dorsal abgeschwächt sind und gelegentlich 
Externknoten tragen. Auf eine Länge, die der jeweiligen 
Windungshöhe entspricht, entfallen 6 Rippen. 


Beziehungen: Im Querschnitt und der Skulpturausbil- 
dung stimmt das Exemplar aus dem Glaukonitkalk sehr gut 
mit dem Holotyp von /. dorsetensis überein, der von Renz 
(1968: 70; Taf. 12, Fig. 4) erneut beschrieben und abgebildet 
wurde. Eine geringfügige Abweichung könnte darin beste- 
hen, daß die knotentragenden Rippen bei /. dorsetensis etwas 
breiter entwickelt sein sollen als die unbeknoteten. Allerdings 
läßt sich dieses Merkmal bereits auf der Abbildung des Holo- 
typs kaum erkennen. 


Von der nahverwandten Art /. recticostatus Renz 1968 un- 
terscheidet sich /. dorsetensis durch die schwächer entwik- 
kelten und dichter stehenden Rippen. 


Verbreitung: /. dorsetensis tritt nur im obersten Alb 
(dispar-Zone) auf. Die Art ist bisher aus dem Anglo-Pariser 
Becken, der Schweiz und von Angola bekannt. Sie wird hier 
erstmals auch aus dem Zentraliran beschrieben. 


Idiohamites varıans (Scort 1924) 
(Taf. 7, Fig. 10) 
1965 Idiohamites varians (SCOTT). — CLARK, $. 29; Abb. $c, 9; 
Taf. 2, Fig. 1-10 (mit Synonymie). 
Material: 1 Exemplar (67-SE-64-2). 


Beschreibung: Das Bruchstück beschreibt etwa den Bo- 
gen eines Viertelkreises mit einem Durchmesser von 38 mm. 
Der Querschnitt ist hochoval, mit deutlich abgeflachten 
Flanken (Wh/Wb = 13: 9,5 mm = 1,37). 


Die Skulptur besteht aus scharf ausgeprägten Einzelrippen, 
die schwach rursiradiat verlaufen. Die Externseite wird ohne 
Unterbrechung gequert, auf der Internseite sind die Rippen 
so stark abgeschwächt, daß sie fast verschwinden. Etwa jede 
zweite Rippe trägt einen kleinen rundlichen Externknoten. 
Beknotete und unbeknotete Rippen sind gleich stark ausge- 
bildet. Auf eine Länge entsprechend der Windungshöhe ent- 
fallen 5 Rippen. 


Beziehungen: Der hochovale Querschnitt und der rursi- 
radiate Rippenverlauf sowie Rippenindex und Beknotung 
stimmen am besten mit /. varıans überein. Diese bisher nur 
aus Nordamerika beschriebene Art ist einigen auch aus Eu- 
ropa bekannten Arten nahe verwandt. 


So macht bereits Spark (1939: 598) auf die große Ähnlich- 
keit zu seinem /. alternatus vectensis aufmerksam - ohne üb- 
rigens auch auf eventuelle Unterschiede hinzuweisen. Tat- 
sächlich unterscheidet sich /. alternatus von I. varıans 
durch die gerundeten Flanken und den geraden bis schwach 
prorsiradiaten Verlauf der Rippen. Der Rippenindex von 
I. varians liegt genau zwischen dem der beiden Unterarten 
von. alternatus, der für /. a. alternatus (MANTELL 1822) mit 
6, für /. a. vectensis mit 4 angegeben wird. 


In der Rippendichte stimmt /. varıans dagegen genau mit 
I. ellipticus radiatus Sparnu 1939 überein. Im Gegensatz zu 
I. varians verlaufen die Rippen bei 7. ellipticus radiatus aber 
gerade, und außerdem trägt fast jede von ihnen einen clavat 
ausgebildeten Knoten. 


Große Ähnlichkeit besteht auch zwischen /. varıans und 
zwei Idiohamiten aus dem Untercenoman von Südengland, 
die von Kennepy (1971: 16; Taf. 4, Fig. 4, 16) als /. collig- 
noni SparH 1939 beschrieben wurden. Diese Stücke unter- 
scheiden sich vom madagassischen Typus allerdings dadurch, 
daß die beknoteten und unbeknoteten Rippen gleich stark 
ausgebildet sind und zudem gleichmäßig alternieren. Durch 
diese Merkmale und den schwach rursiradiaten Verlauf der 
Rippen ähneln die südenglischen Exemplare viel mehr der Art 
I. varians als I. collignoni. Nur durch die dichtere Berip- 
pung (Rippenindex 6-7) unterscheiden sie sich von /. va- 
rıans. 

Verbreitung: /. varians ist bisher nur aus dem oberen 
Alb von Nordamerika beschrieben worden, und zwar insbe- 
sondere aus der Duck Creek Formation von Texas, die nach 
Cıark (1965: 12, Fig. 2) insgesamt älter ist als die dispar- 
Zone. Die Art wird hier zum ersten Mal auch aus dem 
Zentraliran beschrieben. 


Idiohamites ellipticus ellipticus (MAnteıı 1822) 
(Taf. 7, Fig. 12) 


1971 Idiohamites ellipticus ellipticus (MANTELL). - KENNEDY, $. 15; 
Taf. 4, Fig. 12 (mit Synonymie). 


Material: 1 Exemplar (67-SE-64-3). 

Beschreibung: Das vorliegende, schwach gekrümmte 
Exemplar besitzt eine Länge von 50 mm und einen hochova- 
len Querschnitt mit geringfügig gewölbten Flanken und 
gleichmäßig gerundeter Externseite (Wh/Wb = 21,5: 
15,5 mm = 1,39). 

Die Skulptur besteht aus sigmoidal geschwungenen Rip- 
pen, die auf der Internseite etwas abgeschwächt sind und die 
Externseite ohne Unterbrechung queren. Fast alle Rippen 
tragen einen kräftigen rundlichen, z. T. auch etwas gelängten 
Externknoten. Auf eine Länge die der Windungshöhe ent- 
spricht entfallen 8-9 Rippen. 


Beziehungen: Das Exemplar stimmt sehr exakt mit dem 
äußerst seltenen 7. ellipticus ellipticus überein. Das betrifft 
sowohl den hochovalen Querschnitt, wie die relativ schma- 
len, intern kaum abgeschwächten Rippen und die kräftige Be- 
knotung. Besonders deutlich ist die Übereinstimmung im 
Verlauf der geschwungenen Rippen, die auf der tieferen 
Flanke zuerst zurückbiegen, um dann zu den Knoten hin in 
einen geraden Verlauf überzugehen. 


Insgesamt scheint damit eine Zuordnung zu /. ellipticus el- 
lıpticus gesichert, obwohl von dieser Unterart bisher nur der 
Holotyp abgebildet wurde, durch Manrteıı (1822: Taf. 23, 
Fig. 9) und erneut durch Kennepy (1971: Taf. 4, Fig. 12). 
Der Holotyp erfaßt allerdings nur eine Anfangswindung, 
während das hier beschriebene Stück von einem späteren 
Wachstumsstadium stammt. Damit sind wohl auch die beiden 
leichten Abweichungen vom Holotyp zu erklären, nämlich 
der geringere Wh/Wb-Index (1,4 gegenüber 1,7) und der hö- 
here Rippenindex (8-9 gegenüber 7). 


Durch seine Skulptur, insbesondere den charakteristischen 
Rippenverlauf, unterscheidet sich 7. ellipticus ellipticus von 
allen anderen Idiohamiten. 


Verbreitung: 1. ellipticus ellipticus ist bisher nur aus 
dem unteren und mittleren Untercenoman von Südengland 
bekannt und wird hier erstmals auch aus dem Zentraliran be- 
schrieben. 


Idiohamites ellipticus radiatus Spark 1939 


Beschreibung und Abbildung von Material aus dem Ko- 
lah-Qazi-Gebirge: s. KEnnepy et al. 1979: 12; Taf. 3, Fig. 26 
(pars). 

Bemerkung: Das von Kennepy etal. (1979) beschriebene 
Exemplar zeigt deutlich, wie schwierig es ist, die Idiohamiten 
einzelnen Arten zuzuordnen, und daß diese Schwierigkeit 
auch durch die zahlreichen Unterarten nicht behoben wird. 
Das Stück besitzt einen Rippenindex von 6-7 (op. cit.: 13), 
während die Unterart, zu der es gerechnet wird, eine Seite 
vorher durch einen Rippenindex von 5 definiert wird (op. cit.: 
12). 


Idiohamites alternatus vectensis Spatu 1939 


Beschreibung und Abbildung von Material aus dem Ko- 
lah-Qazi-Gebirge: s. KEnnepy etal. 1979: 11; Taf. 1, Fig. 12. 


Eine neuere Beschreibung der Art liegt von MARCINOwsKI 
(1980: 257; Taf. 3, Fig.10-11) vor. 


Ill 


FAMILIE TURRILITIDAE Gıur 1871 
UNTERFAMILIE TURRILITINAE Gırr 1871 


Bereits in der Arbeit von SEYED-Emanmi etal. (1971) wurden 
mehrere Gattungen und Arten von Turriliten aus dem Glau- 
konitkalk des Kolah-Qazi-Gebirges aufgeführt. Detaillierte 
Beschreibungen und Abbildungen wurden dann erstmals 
durch Kenner et al. (1979) gegeben, denen die bisher um- 
fangreichste Darstellung der Turillitenfauna durch Sery- 
ED-Emami (1982) folgte. 


Auf die beiden zuletzt genannten Arbeiten stützt sich die 
folgende listenmäßige Zusammenfassung der bisher bekann- 
ten Turriliten aus dem Kolah-Qazi-Gebirge. 


Gattung OÖstlingoceras Hyatt 1900 


Ostlingoceras puzosianum (D’ORBIGNY 1842) 
s. SEYED-Emamı 1982: 426; Abb. 3, Fig. 12-13; Abb. 4, 
Fig. 13, 12-13. 
Ostlingoceras rorayense (COLLIGNON 1964) 
s. Kennepy et al. 1979: 13; Taf. 1, Fig. 2. 
Ostlingoceras peykanense SEYED-Emamı 1982 
s. SEYED-EMmAMI 1982: 428; Abb. 3, Fig. 11. 


Gattung Mariella Nowak 1916 


Mariella bergeri (BRONGNIART 1822) 

s. SEYED-EmaMiI 1982: 419; Abb. 2, Fig. 11-12. 
Mariella dorsetensis SpatH 1926 

s. KEnnEDY et al. 1979: 18; Taf. 1, Fig. 9. 

SEYED-EMmaMı 1982: 420; Abb. 2, Fig. 1 

Mariella essenensis (Geinırz 1849) 

s. SEYED-EMAMI 1982: 421; Abb. 2; Fig. 7-8. 
Marıella cenomanensis (SCHLÜTER 1876) 

s. SEYED-Emami 1982: 422; Abb. 2, Fig. 9-10. 
Mariella esfahanensis SEvep-Emamı 1982 

s. SEYED-Emami 1982: 423; Abb. 2, Fig. Abs, 
Mariella aff. harchaensis (DusourDıeu 1953) 

s. KENNEDY et al. 1979: 19; Taf. 1, Fig. 3. 
Mariella n. sp. 

s. SEYED-Emami 1982: 422; Abb. 2, Fig. 3. 
Mariella sp. indet. 
s. Kennepy et al. 1979: 19; Taf. 1, Fig. 6. 


Gattung Hypoturrilites Dusourndıeu 1953 


Hypoturrilites gravesianus (D’ORBIGNY 1842) 
s. Kennedy et al. 1979: 15; Taf. 1, Fig. 8. 
SEYED-Emami 1982: 423; Abb. 3, Fig. 14. 
Hypoturrilites tuberculatus (Bosc 1801) 
s. SEYED-Emami 1982: 424; Abb. 3, Fig. 6-7. 


Hypoturrilites carcıtanensis (MATHERON 1842) 


s. Kennedy et al. 1979: 16; Taf. 1, Fig. 7, 11. 
SEYED-EMmaMI 1982: 426; Abb. 3, Fig. 8-10. 
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Hypoturrilites mantelli (Stmarre 1857) 
s. SEYED-EMmAMI 1982: 424; Abb. 3, Fig. 5). 


Gattung Turrilites Lamarck 1801 


Turrilites costatus LAMARcK 1801 
s. SEYED-Emami 1982: 428; Abb. 4, Fig. 4-5, 11. 


Turrilites scheuchzerianus Bosc 1801 

s. SEYED-EmamI 1982: 430; Abb. 4, Fig. 6-8. 
Turrilites aff. acutus Passy 1842 

s. SEYED-EMmaMI 1982: 430; Abb. 4, Fig. 9-10. 


Abmessungen: B Wh 
67-SE-65-1 26 8 
67-SE-65-2 23 
67-SE-65-3 17 8,5 


Die Skulptur besteht aus breiten Wulstrippen, die mit einer 
Neigung von ca. 45° zur Längsachse über die Flanken verlau- 
fen. Sie queren die Ventralseite, sind aber auf der Dorsalseite 
verschwunden. Die Breite der Rippen ist gleich der der da- 
zwischenliegenden Abschnitte. Auf eine Länge, die der Win- 
dungshöhe entspricht, entfallen 3 Rippen. 


Beziehungen: Die gleichmäßige Berippung verweist auf 
L. gandinı. 


Die nächstverwandte Art, L. moreti BREISTROFFER 1936, 
unterscheidet sich von Z. gaudini dadurch, daß jeweils breite 
Rippen von schmalen Einschnürungen eingefaßt werden. 


Die Autoren stimmen nicht mit ScHoıLz (1979a: 14) über- 
ein, der Z. moreti lediglich als Untergattung von L. gaudini 
betrachtet. Allerdings bildet er ein Exemplar ab (op. cıt.: Taf. 
l, Fig. 10), das tatsächlich die Merkmale beider Arten zeigt 
(nach Phragmokon und Wohnkammer getrennt!). Es handelt 
sich aber wohl um eine ganz seltene Ausnahme, wie auch sei- 
ner Angabe über die Materialhäufigkeit von L. gaudını (op. 
cit.: 12) zu entnehmen ist. Extreme Ausnahmen heranzuzie- 
hen scheint aber wenig sinnvoll, um im allgemeinen gut 
trennbare Arten zusammenzulegen. 


Interessant sind auch die engen Beziehungen zu Vertretern 
der Gattung Sciponoceras, etwa zu S. baculoide (MANTELL 
1822). In jüngster Zeit wurde von KEnnepy et al. (1979: 10) 
auf die Existenz von Übergangsformen zwischen beiden Gat- 
tungen aufmerksam gemacht, eine Vereinigung der beiden 
Taxa wurde von ScHoız (1979a: 12) erwogen. Das geringe 
vorliegende Material aus dem Kolah-Qazi-Gebirge kann al- 
lerdings zur Klärung dieses Problems nichts beitragen. 


Verbreitung: L. gaudıni tritt insbesondere im obersten 
Alb (dispar-Zone) auf, reicht aber eventuell auch noch ins un- 
tere Cenoman hinein. Die Art besitzt eine weltweite Verbrei- 
tung, aus dem Zentraliran wird sie hier zum erstenmal be- 
schrieben. 


Turrilites sp. inder. 
s. KENNEDY et al. 1979: 20; Taf. 1, Fig. 10. 


FAMILIE BACULITIDAE Gırr 1871 
Gattung Lechites Nowak 1908 


Lechites gandini (Pıcter & CamPpicHE 1861) 
(IE Zu Eig- ll) 


1979 Lechites gandini gaudini (PICTET & CAMPICHE, 1861). — 
SCHOLZ, $. 12; Abb. 5 A-B; Taf. 1, Fig. 1-9 (mitSynonymie). 


Material: 3 Exemplare (67-SE-65-1/3). 


Beschreibung: Bei allen Exemplaren handelt es sich um 
kurze Bruchstücke mit rundem Querschnitt. 


Gattung Sciponoceras Hyarr 1894 


Sciponoceras cf. roto Cıesıınskı 1959 


Beschreibung (ohne Abbildung) von Material aus dem Ko- 
lah-Qazi-Gebirge: s. KEnnepy et al. 1979: 10. 


ÜBERFAMILIE SCAPHITACEAE Gıur 1871 
FAMILIE SCAPHITIDAE Gırr 1871 


Gattung Scaphites Parkınson 1811 
Untergattung Scaphites (Scaphites) Parkınson 1811 


Mit der detaillierten Beschreibung der Scaphiten durch 
Sevep-Emamı (1977) hat die Bearbeitung der Ammoniten- 
fauna des Kolah-Qazi-Gebirges begonnen. Zwei der damals 
nachgewiesenen Arten wurden später auch von KEnnepy et 
al. (1979) beschrieben und abgebildet. 


Insgesamt sind bisher folgende Arten aus dem Kolah- 
Qazi-Gebirge bekannt: 
Scaphites (Scaphites) equalis J. SOwErBy 1813 
s. SEYED-EMaMI 1977: 132; Taf. 13, Fig. 1. 
Kenneoy et al. 1979: 22; Taf. 2, Fig. 3. 
Scaphites (Scaphites) obliquus J. SOwErBy 1813 
s. SEYED-EMaMI 1977: 132; Taf. 13, Fig. 5-6. 
Kenneopr et al. 1979: 22; Taf. 2, Fig. 4, 5, 11. 
Scaphites (Scaphites) simplex Juxes-BROwNnE 1875 
s. SEvep-Emami 1977: 131; Taf. 13, Fig. 7-10. 


Scaphites (Scaphites) similarıs SroLıczkA 1865 

s. SEvED-Emami 1977: 134; Taf. 13, Fig. 13-15. 
Scaphites (Scaphites) yonekurai YasE 1910 

s. SEYED-EMmaMı 1977: 133; Taf. 13, Fig. 12, 16-17. 
Scaphites (Scaphites) hilli Ankıns & Wınton 1920 

s. SEYED-EmaMı 1977: 133; Taf. 13, Fig. 11. 


Scaphites (Scaphites) aff. equalis J. Sowerey 1813 
s. SEYED-EmaMI 1977: 133; Taf. 13, Fig. 2-3. 


® 


SSSIERATTGRAPIIISCHERUMEANG DES 
GEAURKONTERATLKES 


Über den stratigraphischen Umfang des Glaukonitkalkes 
des Kolah-Qazi-Gebirges besteht in der Literatur eine Kon- 
troverse. Bereits in der ersten ausführlichen Beschreibung der 
Kreidesedimente südöstlich von Esfahan wurde von SEv- 
ED-Emanmi et al. (1971) die Ansicht vertreten, daß es sich um 
einen Kondensationshorizont handelt, der Schichten vom 
Oberalb bis zum Oberen Cenoman umfaßt. Auch späterhin 
wurde von SEvEp-Emanmi (1977: 128f und 1982: 431) wieder- 
holt auf das Vorhandensein von oberstem Alb und Unter- 
sowie Mittelcenoman hingewiesen, während Kennepy et al. 
(1979: 41f) zu dem Schluß gelangten, die Fauna weise ledıg- 
lich auf Untercenoman hin, bzw. sogar nur auf den Grenzbe- 
reich zwischen carcitanensis- und saxbu-Zone. 


Zur Klärung des tatsächlichen Sachverhaltes wurden in Ta- 
belle 1 die stratigraphischen Reichweiten aller Ammoniten 
zusammengestellt, die bisher eindeutig artlich bestimmt wer- 
den konnten, und von denen - spätestens in dieser Arbeit — 
Beschreibungen und Abbildungen vorliegen, die eine Über- 
prüfung ermöglichen. 


Die Angaben der zeitlichen Verbreitung werden aus zwei 
Gründen auf die stratigraphische Gliederung des Anglo-Pari- 
ser Beckens bezogen. Zum einen, weil die Ammonitenfauna 
des Glaukonitkalkes besonders gute Übereinstimmung mit 
der Fauna dieser Region zeigt (vgl. Abschnitt 4), zum ande- 
ren, weil speziell für das Cenoman des Anglo-Pariser Beckens 
eine detaillierte und vielfach überprüfte stratigraphische 
Gliederung vorliegt (siehe zuletzt KenneDy & JuıGnET 1975, 
JuıGneT & Kenneoy 1976, Kennepy & Hancock 1977 und 
Kennepy & Hancock 1978). 


Aus der Tabelle 1 ergibt sich unmittelbar eine Bestätigung 
für die große stratigraphische Reichweite, die der Glaukonit- 
kalk umfaßt. Im einzelnen können folgende Aussagen ge- 
macht werden: 


Die Sedimentation setzt mit Sicherheit bereits im ober- 
sten Alb, in der dispar-Zone (= ‚„‚Vracon“) eın. 


Für noch ältere Ablagerungen gibt es lediglich einen vagen 
Hinweis durch /diohamites varıans. Wie beschrieben, ist 
diese Art bisher nur aus dem Oberen Alb von Nordamerika 
bekannt und zwar aus Schichten, die insgesamt älter sind als 
die dispar-Zone. Allerdings weiß man bisher noch nichts über 
die geographische und stratigraphische Verbreitung von 
I. varıans außerhalb des Western Interior-Beckens. Deshalb 
wäre es eine zu weitreichende und ungerechtfertigte Aussage, 


allein aus dem Auftreten von /. varıans auf unteres oder mitt- 
leres Oberalb-Alter des Glaukonitkalkes zu schließen. 


Das obere Oberalb (dispar-Zone) ist dagegen sicher belegt. 
Unter den Ammonitina (Tab. 1A) geben die Lepthopliten 
(Lepthoplites cantabrigiensis und L. gracılis) und die Morto- 
niceraten (Mortoniceras (Subschloenbachia) rostratum und 
M. (S.) perinflatum) eindeutige Hinweise. Ferner zeigt Plen- 
rohoplites aff. renauxianus ebenfalls oberstes Alb an, selbst 
wenn eine genaue artliche Bestimmung nicht möglich ist. 


Auch einige der Ancyloceratina (Tab. 1B) verweisen ganz 
klar auf das oberste Alb. Es sind vor allem Hamites (Hamites) 
charpentieri, Idiohamites dorsetensis, Ostlingoceras puzosia- 


num und Scaphites (Scaphites) simplex. Aber auch Anisoceras 
(Anisoceras) armatum und Lechites gandını können hier ge- 
nannt werden, da ihr Auftreten bis ins Untere Cenoman hın- 
ein nicht gesichert zu sein scheint, und sıe zumindest ihre 
Hauptverbreitung in der dispar-Zone besitzen. 


Durch eine Fülle von Arten ist ım Glaukonitkalk der Zeit- 
abschnitt des Untercenomans am besten belegt. 


Von besonderem Interesse ıst dabei das Auftreten von 
Submantelliceras wooldridgei, danach Wırpmann (1959: 725) 
und WIEDMANN & SCHNEIDER (1979: 673) die Gatrung Sub- 
mantelliceras charakteristisch für eine basale Cenoman-Zone 
— die vicinale-Zone - sein soll, die in der modernen Gliede- 
rung des Anglo-Pariser Beckens bisher nicht berücksichtigt 
wurde. Leider ergeben sich aus der bisher bekannten Ammo- 
nitenfauna des Glaukonitkalkes keine weiteren Hinweise auf 
die Existenz dieser Zone, insbesondere konnte die leitende 
Art, Utaturiceras vicnale (StoLıczka 1864), bisher nicht 
nachgewiesen werden. 


Ebenso wie das oberste Alb ist auch das Mittlere Ceno- 
man durch eine ganze Reihe von Arten eindeutig belegt. 


Unter den Ammonitina sind hier insbesondere die Calyco- 
ceraten zu nennen, etwa Calycoceras (Calycoceras) gentoni, 
©. (C.) boulei und C. (C.) choffati. Daneben besitzen auch 
C. (C.) newboldi planecostatum und Encalycoceras gothicum 
ihre hauptsächliche Verbreitung im Mittelcenoman, beide 
Arten reichen sogar noch ins Obere Cenoman hinein. 
Schließlich seien unter den Ammonitina noch Acanthoceras 
cf. rhotomagense sussexiense und Acanthoceras sp. erwähnt. 
Wenn der schlechte Erhaltungszustand auch keine sichere 
Art-Bestimmung zuläßt, so zeigt doch alleın die Gattung be- 
reits mittleres Cenoman an. 


Mit Hilfe der Ancyloceratina läßt sich das Mittlere Ceno- 
man nicht vergleichbar sicher belegen. Zwar besitzen Hami- 
tes (Hamites) simplex, Turrilites costatus, T. scheuchzerianus 
und Scaphites (Scaphites) equalis im Mittelcenoman ihre 
hauptsächliche Verbreitung, aber Untercenoman läßt sich in 
keinem Fall eindeutig ausschließen — übrigens ebensowenig 
wie Obercenoman. 


Daß die Sedimente des Glaukonitkalkes auch noch ım 
Oberen Cenoman zur Ablagerung kamen, wird eindeutig 
nur durch Calycoceras (Calycoceras) naviculare belegt. Ein 
deutlicher Hinweis auf Obercenoman ist allerdings auch das 
Auftreten der Protacanthoceraten. Zwar setzt Protacanthoce- 
ras wohl schon ım Mittleren Cenoman ein, aber dıe Blütezeit 
dieser Gattung liegt eindeutig im Obercenoman. 


Wie die Tabelle 1 zeigt, treten noch eine ganze Anzahl von 
Arten bis ins Obere Cenoman hinein auf. Da sie ihre haupt- 
sächliche Verbreitung aber jeweils im Mittleren Cenoman ha- 
ben, vermittelt ihre Existenz allenfalls einen Hinweis auf 
Obercenoman, keinesfalls aber einen Nachweis desselben. 
Da zudem von der im Oberen Cenoman leitenden Art C. (C.) 
naviculare bisher nur ein einziges Exemplar vorliegt, muß 
vermutet werden, daß die jüngsten Anteile des Glaukonitkal- 
kes des Kolah-Qazi-Gebirges nur noch in das basale Oberce- 
noman hineinreichen. 
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4. PALAOGEOGRAPHISCHE POSITION DES 
KOLAH-QAZI-GEBIRGES ZUR ZEIT DER ABENGERUING 


DES:GEAUKRONITTKALKES 


oder Mikroplatten zusammengesetzt, die während der alpidi- 


Das Kolah-Qazi-Gebirge ist Teil des Iranisch-Afghanı- 
schen Hochlandes, das heute zwischen den drei großen Plat- 


schen Orogenese weitgehend eigenständige Bewegungen aus- 


führten. Diese Bewegungen erreichten ihre Aktivitätshöhe- 
punkte in einzelnen Bewegungs,,phasen“, deren Alter und 


Zuordnung für den iranischen Anteil zuletzt von SEYED- 


teneinheiten von Eurasien —- speziell der Turanplatte - ım N, 
der Arabischen Platte im SW und der Indischen Platte im SE 
liegt. In sich ist dieses Hochland nach den heutigen Vorstel- 


Emanmı (1978: 27) tabellarisch zusammengestellt wurden. 


lungen aus einem regelrechten Mosaik von kleinen Blöcken 


AMMONITEN 


des 
GLAUKONITKALKES 


des 
KOLAH-QAZI-GEBIRGES 


Anisoceras (Anisoceras) armatum 
Idiohamites ellipticus ellipticus 
Idiohamites ellipticus radiatus 


Idiohamites dorsetensis 


Hamites (Hamites) charpentieri 
Idiohamites varians 


Hamites (Hamites) duplicatus 
Hamites (Hamites) simplex 


Idiohamites alternatus vectensis 


Ostlingoceras puzosianum 


Turrilites scheuchzerianus 
Scaphites (Scaphites) equalis 
Scaphites (Scaphites) obliquus 
Scaphites (Scaphites) simplex 
Scaphites (Scaphites) similaris 
Scaphites (Scaphites) yonekurai 
Scaphites (Scaphites) hilli 


Hypoturrilites carcitanensis 
Lechites gaudini 


Hypoturrilites mantelli 


Hypoturrilites tuberculatus 
Turrilites costatus 


Ostlingoceras rorayense 
Ostlingoceras peykanense 
Mariella bergeri 

Mariella dorsetensis 
Mariella essenensis 
Mariella cenomanensis 
Mariella esfahanensis 
Hypoturrilites gravesianus 


gracile 
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Stratigraphische Verbreitung der Ammoniten, die aus dem Glaukonitkalk des Kolah-Qazi-Ge- 


birges artlich nachgewiesen werden konnten. A: Ammonitina, B: Ancyloceratina. 


Die paläogeographisch relevante Frage ist hier, welche Po- 
sition das Kolah-Qazi-Gebirge zur Zeit der Ablagerung des 
Glaukonitkalkes innerhalb dieses Mosaiks eingenommen hat. 
Zur Lösung dieser Frage vermag die Paläontologie mit 
Hilfe einer paläobiogeographischen Analyse der Ammoni- 
tenfauna einen Beitrag zu leisten. Von geologischer Seite 
werden bisher durchaus kontroverse Standpunkte einge- 
nommen, von denen drei wichtige hier kurz skizziert werden 
sollen: 

1. Nach Stöckuin (1968) gehört das Kolah-Qazi-Gebirge 
tektonisch zu einer NW-SE streichenden Zone — der soge- 
nannten Sanandaj-Sirjan-Zone -, die sich von der tür- 
kisch-irakischen Grenze bis auf die Höhe nördlich der Straße 
von Hormuz erstreckt und im SW von der Zagros thrust line 


begrenzt wird. Die Sanandaj-Sirjan-Zone ihrerseits wird zur 
„Zentralen Domäne“ gerechnet, einer der vier großtektoni- 
schen Einheiten, die von STöckLın im Raum des heutigen 
Irans und Afghanistans ausgeschieden werden (vgl. auch 
StöckLm 1977: Abb. 1). Takın (1972) faßt die hier zur Dis- 
kussion stehende Sanandaj-Sirjan-Zone als selbständige Mi- 
kroplatte auf, und bezeichnet sie nach den begrenzenden 
Endpunkten ihrer NW-SE-Erstreckung als ‚‚Rezaiye-Esfan- 
dagheh orogenetic belt“. 


Wichtig in diesem Zusammenhang ist nun, daß STOcKLın 
(1974, 1977) annimmt, daß die Mikroplatten seiner Zentralen 
Domäne sich im Paläozoikum und frühen Mesozoikum vom 
Gondwanakontinent lösten und in einem komplexen Prozeß 
an Eurasia angegliedert wurden. Dabei sollen bereits relatıv 
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früh, nämlich kimmerisch, weite Bereiche der Zentralen Do- 
mäne stabilisiert worden sein. Das würde bedeuten, daß zur 
Zeit der Ablagerung des Glaukonitkalkes bereits enge paläo- 
geographische Beziehungen zwischen dem Kolah-Qazi-Ge- 
birge und dem Eurasiatischen Kontinent bestanden haben 
müssen. 


2. Ein abweichendes Bild zeichnet Desmons (1982), die vor 
allem eine später ablaufende tektonische Stabilisierung an- 
nimmt. Jedenfalls wird zur Zeit des Cenomans zwischen dem 
Zentraliran und Eurasien noch die Existenz einer fast durch- 
gehenden Subduktionszone postuliert (op. cit.: Abb. 3). Das 
würde bedeuten, daß der hier interessierende Bereich zur Zeit 
der Ablagerung des Glaukonitkalkes noch durch einen Strei- 
fen ozeanischer Kruste vom eurasiatischen Kontinent ge- 
trennt gewesen wäre. 


3. Eine noch deutlichere Trennung zwischen dem Kolah- 
Qazi-Gebirge und Eurasia bestand im Cenoman nach den 
Vorstellungen von Aravı (1980). Dieser nımmt an, daß seine 
„Zone B“ - die der Sanandaj-Sirjan-Zone bzw. dem 
Rezaiye-Esfandagheh orogenetic belt entspricht - in engerer 
Beziehung zur südlichen Zagroskette (seiner „Zone C“) ge- 
standen hat, und beide Bereiche als nördlicher Schelfrand der 
Arabischen Platte anzusprechen sind. Nach diesem Modell 
bildet nicht die Zagros thrust line, sondern die nördlicher ver- 
laufende SW-Begrenzung des ‚‚Urmia Dokhtar magmatic 
arc““ die große tektonische Sutur zwischen Arabien einerseits 
und dem Zentraliran andererseits. 


Damit wäre die Ammonitenfauna des Glaukonitkalkes 
noch deutlicher als bei Desmons (1982) von der borealen 


Fauna Eurasiens durch einen Streifen ozeanischen Kruste ge- 
trennt gewesen und müßte in noch engerer Beziehung zu den 
südlichen Faunen des ehemaligen Gondwanakontinentes ste- 
hen. 


Die angeführten Beispiele zeigen deutlich wie weit die geo- 
logischen Vorstellungen über die Paläogeographie dieses 
komplizierten Bereichs der östlichen Tethys noch divergie- 
ren. Es gilt nun zu prüfen, inwieweit eine Analyse der Am- 
monitenfauna zur Lösung der offenen Fragen beitragen kann. 


Die Ammoniten des Glaukonitkalkes des Kolah-Qazi-Ge- 
birges sollen dazu im folgenden mit acht Referenzgebieten 
verglichen werden. Dabei wurden Gebiete ausgewählt, die 
sich zum einen paläobiogeographisch einer definierten Re- 
gion zuordnen lassen und zum anderen eine reiche und gut 
untersuchte Ammonitenfauna aufweisen. Die Lage der Refe- 
renzgebiete ist in Abbildung 3 auf einer paläogeographischen 
Karte eingetragen. Im einzelnen handelt es sich dabei um Ge- 
biete, die sich etwa drei übergeordneten Bereichen im Sinne 
des detailliert ausgearbeiteten Faunenprovinzmodells von 
Kaurrman (1973, 1979) zuordnen lassen: 


A) Nördlicher gemäßigter Bereich (,,Borealer 
Raum“) 


Hierher gehören vor allem das Anglo-Pariser Becken, Po- 
len und die südliche UdSSR. Unter dem letzten Begriff sind 
mehrere Gebiete zusammengefaßt, die reiche mittelkretazi- 
sche Ammonitenfaunen geliefert haben, speziell Krim, Man- 
gyshlak und Koppeh-Dagh. Mangyshlak und Koppeh-Dagh 
gehören zwar nach Kaurrman (1973: Abb. 1) bereits zum te- 
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Abb. 3: Paläogeographische Situation zur Zeit der Ablagerung des Glaukonitkalkes, und Lage des Ko- 
lah-Qazi-Gebirges (1) sowie der Referenzgebiete. Nördlich gemäßigter Bereich (Kreise) 2: Anglo-Pariser 
Becken, 3: Polen, 4: Südliche UdSSR (Krim, Mangyschlak, Koppeh-Dagh), 5: NE-Iran (Koppeh-Dagh). 
Tethydischer Bereich (Dreiecke) 6: SE-Frankreich, 7: Schweiz. Südlich gemäßigter Bereich (Quadrate) 8: 
Madagascar, 9: SE-Afrika (Mocambique, Zululand). (Kartengrundlage vereinfacht nach SMITH etal. 1981: 


map 25, earliest Cenomanıan). 
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Abb. 4: 


bieten, bezogen auf die 69 artlich nachgewiesenen Ammoniten des 
Kolah-Qazi-Gebirges. 
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thydischen Bereich, doch liegen sie innerhalb der borealen 
Hopliten-Provinz nach Owen (1971: Abb. 50) und werden 
deshalb hier zum nördlichen gemäßigten Bereich gezählt (vgl. 
etwa. Marcınowskı 1980: 237). 


Ergänzend wurde noch der NE-Iran als Referenzgebiet 
herangezogen. Dabei handelt es sich um Gebiete im irani- 
schen Anteil des Koppeh-Dagh, von denen bisher allerdings 
erst sehr oberflächliche Aufsammlungen vorliegen, die ihren 
ersten Niederschlag in zwei kleinen Faunenbeschreibungen 
gefunden haben (SEvED-Emamı & Arvaı 1981, SEYED-EMmaMmI et 
al. 1984). 


B) Tethydischer Bereich 


Hier wurden zwei Gebiete aus der westmediterranen Sub- 
provinz ausgewählt, nämlich SE-Frankreich und die Schweiz. 
Beide Gebiete gehören nach ihrer plattentektonischen Posi- 
tion zum südlichen Schelfbereich des Eurasiatischen Konti- 
nents und gelten faunistisch als Standardregionen der Tethys. 


C) Südlicher gemäßigter Bereich 


Hier werden aus der ostafrikanischen Provinz die reichen 
Faunen Madagascars und SE-Afrikas zum Vergleich herange- 
zogen. Unter dem Begriff SE-Afrika ist speziell Mocambique 
und die Südafrikanische Republik zu verstehen. 
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Quantitative Verteilung aller gattungsmäßig bestimmter Ammoniten aus dem Kolah-Qazi-Gebirge. 
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des 


GLAUKONITKALKES 
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KOLAH-QAZI-GEBIRGES 


ITzEAN 


Anglo-Pariser Becken 
SE-Frankreich 


Südliche UdSSR 
Schweiz 


Madagascar 


SE-Afrika 


Borissiakoceras iranense 


Hyphoplites 
Hyphoplites 
Hyphoplites 
Hyphoplites 
Hyphoplites 
Hyphoplites 
Hyphoplites 


Lepthoplites cantabrigiensis 


falcatus interpolatus 
pseudofalcatus 

costosus 

arausionensis arausionensis 
arausionensis crassofalcatus 
arausionensis horridus 
curvatus 


++++++++ 


Lepthoplites gracilis 


Schloenbachia varians 
Schloenbachia varians 
Schloenbachia varians 
Schloenbachia varians 
Mortoniceras (Subschloenbachia) rostratum 
Mortoniceras (Subschloenbachia) perinflatum 
Forbesiceras largilliertianum 

Forbesiceras sculptum 


subvarians 
subtuberculata 
varians 
ventriosa 


++ ++++++ 


Submantelliceras wooldridgei 


Mantelliceras 
Mantelliceras 
Mantelliceras 
Mantelliceras 
Mantelliceras 
Mantelliceras 
Mantelliceras 
Mantelliceras 
Mantelliceras 
Mantelliceras 
Mantelliceras 
Sharpeiceras laticlavium 
Sharpeiceras florencae 


Calycoceras 
Calycoceras 
Calycoceras 
Calycoceras 
Calycoceras 
Calycoceras 


mantelli 
tuberculatum 
cantianum 
tenue 
cressierense 
souaillonense 
thomeli 
costatum 
ventnorense 
saxbii 

gr. dixoni 


+++ + 


naviculare 
gentoni 
boulei 


(Calycoceras) 
(Calycoceras) 
(Calycoceras) 
(Calycoceras) choffati 

(Calycoceras) newboldi planecostatum 
(Lotzeites) bathyomphalum 


Eucalycoceras gothicum 


In der Tabelle 2 sind alle bis auf die genaue Art bestimmten 
Ammoniten aus dem Glaukonitkalk aufgeführt, und ihr 
gleichzeitiger Nachweis in den erwähnten Referenzgebieten 
eingetragen. 


Wertet man die Tabelle aus und stellt die Anzahl der über- 
einstimmenden Arten ın den jeweiligen Referenzgebieten zu- 
sammen (Abb. 4), so fällt insbesondere das Anglo-Pariser 
Becken auf, in dem ca. 85% des Artbestandes des Glaukonit- 
kalkes ebenfalls vorhanden ist. 


Unbestritten stellt die Abbildung 4 nicht genau die tatsäch- 
lichen Verhältnisse dar, sondern ist auch ein Spiegelbild des 
derzeitigen Kenntnisstandes. Andererseits wurden aber nur 
Gebiete herangezogen, deren Ammonitenfauna intensiv er- 
forscht und ausführlich dargestellt ist. Eine Ausnahme bildet 
lediglich der NE-Iran. Die dort auftretenden Ammoniten 
sind bisher nur ganz oberflächlich bekannt. Zweifellos wird 
sich hier das Bild bei fortschreitender Kenntnis am stärksten 


+ ++++ ++ +++ +++ 


wandeln und eine weit größere Übereinstimmung zeigen, als 
bisher angegeben werden kann. 


Aber auch diese absehbare Entwicklung wird nur das be- 
reits jetzt schon feststehende Bild bestätigen, das eine starke 
boreale Prägung der Ammonitenfauna des Glaukonitkalkes 
zeigt. Gegenüber dieser starken Dominanz hält sich die 
Übereinstimmung mit dem tethydischen und dem südlichen 
gemäßigten Bereich etwa die Waage. 


Geht man über diese rein zahlenmäßige Erfassung hinaus 
und betrachtet die einzelnen Gattungen und Arten, so lassen 
sich die eben getroffenen Aussagen weiter spezifizieren. So 
sind es unter den Ammonitina (Tab. 2A) besonders die 
Schloenbachien und die Hyphopliten, die den borealen Ein- 
fluß am klarsten dokumentieren, da es sich hierbei um die 
Vertreter zweier geradezu „klassischer“ borealer Gattungen 
handelt (vgl. etwa Kennepy 1971: 41 und 45). Ihre starke Prä- 
senz ım Zentraliran bedeutet auch, daß sich die genannte bo- 
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Hamites (Hamites) charpentieri 
Hamites (Hamites) duplicatus 
Hamites (Hamites) simplex 
Anisoceras (Anisoceras) armatum 
Idiohamites dorsetensis 
Idiohamites varians 

Idiohamites ellipticus ellipticus 
Idiohamites ellipticus radiatus 
Idiohamites alternatus vectensis 
Ostlingoceras puzosianum 
Ostlingoceras rorayense 
Ostlingoceras peykanense 
Mariella bergeri 

Mariella dorsetensis 

Mariella essenensis 

Mariella cenomanensis 

Mariella esfahanensis 
Hypoturrilites gravesianus 
Hypoturrilites tuberculatus 
Hypoturrilites carcitanensis 
Hypoturrilites mantelli 
Turrilites costatus 

Turrilites scheuchzerianus 
Lechites gaudini 
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Scaphites 
Scaphites 
Scaphites 
Scaphites 
Scaphites 


(Scaphites) 
(Scaphites) 
(Scaphites) 
(Scaphites) 
(Scaphites) 


equalis 
obliquus 
simplex 
similaris 
yonekurai 


+++ ++++++ + 
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Scaphites (Scaphites) hilli 


Tab. 2: Paläogeographische Verbreitung der Ammoniten, die aus 
dem Glaukonitkalk des Kolah-Qazi-Gebirges artlich nachgewiesen 
werden konnten. A: Ammonitina, B: Ancyloceratina. 


reale Hopliten-Provinz bedeutend weiter nach SE erstreckt, 
als das noch zuletzt von JuıGner & Kennedy (1976: Abb. 20) 
dargestellt wurde. 


Auf der anderen Seite zeigen besonders einige der Ancylo- 
ceratina (Tab. 2B), daß neben der überwiegend borealen Prä- 
gung auch eine von Süden kommende Beeinflussung spürbar 
ist. Das gilt insbesondere für Ostlingoceras rorayense und 
Scaphites (Scaphites) similaris. Die erste Art ist nur noch von 
Madagascar und aus SE-Afrika bekannt, die zweite nur noch 
aus Indien nachgewiesen. Auch Sc. (Scaphites) yonekurai und 
Sc. (Scaphites) hilli haben trotz ihres teilweisen Nachweises 
im Anglo-Pariser Becken ihren Schwerpunkt eindeutig in der 
südlichen Hemisphäre (s. WIEDMAnN 1965: 422). 


Das so gewonnene Bild kann abgerundet und ergänzt wer- 
den durch eine quantitative Erfassung der einzelnen Gattun- 
gen des Glaukonitkalkes. Den bisherigen Faunenbeschrei- 
bungen von SeyEp-Emami (1977, 1982) und Kenneoy et al. 
(1979) lagen 268 bestimmte Exemplare zugrunde, die 15 Gat- 
tungen angehören. Im Verlaufe dieser Arbeit wurden weitere 
235 Ammoniten einer von 20 Gattungen zugeordnet. Insge- 
samt ergibt das 503 Exemplare, deren zahlenmäßige Vertei- 
lung auf 28 Gattungen in Abbildung 5 dargestellt ist. Wie- 


derum zeigt sich - neben dem Dominieren von Mantelliceras 
- die starke Präsenz der typisch borealen Gattung Schloenba- 
chia. Auch die ebenfalls borealen Hyphopliten sind über- 
durchschnittlich häufig vertreten. 


Erneut kann jetzt nach der paläogeographischen Position 
des Kolah-Qazi-Gebirges zur Zeit der Ablagerung des Glau- 
konitkalkes gefragt werden. Die Ammonitenfauna belegt für 
die mittlere Kreide eindeutig eine Einbindung in den nördlı- 
chen gemäßigten, d. h. borealen Bereich. Darüber hinaus 
nimmt das Gebiet auch eine vermittelnde Stellung zwischen 
dem westtethydischen und dem südlichen gemäßigten Raum 
ein. Diese bisher vollständigste Faunenanalyse bestätigt damit 
sehr gut die bereits von SEYED-EMAMI & Aryaı (1981: 35) ge- 
äußerte Feststellung, daß der „‚Zentral- und Nordiran zu die- 
sem Zeitpunkt den südlichen Rand der Eurasia darstellen.“ 


Vergleicht man dieses Resultat mit den weiter oben geschil- 
derten geologischen Vorstellungen, so stimmt eindeutig das 
von Stöckuın (1974, 1977) entworfene Modell am besten mit 
den faunistischen Gegebenheiten überein. Es ist allerdings in- 
teressant festzustellen, daß sich die engen Beziehungen des 
Zentraliran zu Eurasia in der mittleren Kreide geologisch 
auch ganz anders erklären ‚lassen. 
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SrockLin geht letztlich von Bewegungen der zentralirani- 
schen Mikroplatten in Süd-Nord-Richtung aus, ein Konzept, 
das auch mit den Modellvorstellungen von Desmons (1982) 
und Aravı (1980) übereinstimmt. 

Ganz andere Bewegungen lassen sich aber aus der Interpre- 
tation fazieller Daten, insbesondere aus der Trias, und aus pa- 
läomagnetischen Messungen ableiten. Statt gerichteter Bewe- 


gungen spielen dabei Rotationen (und zwar im Gegenuhrzei- 
ger-Sinn) eine Hauptrolle, wodurch die Annahme großräu- 
miger Verschiebungen entfällt. Eine zusammenfassende Dar- 
stellung dieses Modells, nach dem der Zentraliran bereits in 
der mittleren Trias mit Eurasia - speziell der Turanplatte — 
verbunden war und sich später nur vorübergehend löste, wird 
von DAVOUDZADEH & SCHMIDT (1984) gegeben. 


5. ZUSAMMENFASSUNG 


Die Arbeit gibt erstmals einen umfassenden Überblick über 
die Ammonitenfauna des Glaukonitkalkes des Kolah-Qazi- 
Gebirges südöstlich von Esfahan (Zentraliran). Zahlreiche 
neue Ergebnisse stellen eine bedeutende Erweiterung unserer 
bisherigen Kenntnisse dar und tragen wesentlich zur Klärung 
offener Fragen bei. Davon sind im einzelnen drei Bereiche be- 
troffen, zu denen abschließend Stellung genommen werden 
soll. 


1. Systematik 


Aus dem Glaukonitkalk sind nunmehr 86 Ammoniten-Ar- 
ten und Unterarten bzw. nicht näher bezeichnete Species be- 
kannt, die sich auf insgesamt 28 Gattungen verteilen. Davon 
wurden 13 Gattungen mit zusammen 38 Vertretern hier zum 
ersten Mal aus dem Zentraliran beschrieben und abgebildet. 
Darunter ist eine neue Art, Borissiakoceras iranense. 


2. Stratigraphie 


Der altersmäßige Umfang des Glaukonitkalkes war bisher 
umstritten. Zwei Ansichten standen sich gegenüber. Die eine 
postulierte ein Alter, das vom Oberalb bis zum Obercenoman 
reicht (SEvED-Emami et al. 1971), die andere wollte den Glau- 
konitkalk auf das Untercenoman beschränkt wissen (KEn- 
NEDY et al. 1979). 


Die genaue Analyse zeigt nunmehr eindeutig, daß die Se- 
dimentation des Glaukonitkalkes bereits im obersten Alb 
(dispar-Zone) einsetzt und während des gesamten unteren 
und mittleren Cenomans anhält. Schließlich kam wahrschein- 
lich auch das basale Obercenoman noch zur Ablagerung. 


3. Paläogeographie 


Der Zentraliran besitzt eine entscheidende Bedeutung für 
die Analyse der plattentektonischen Bewegungen im mittel- 
östlichen Tethysbereich. Die geologischen Modellvorstellun- 
gen weichen dabei noch stark voneinander ab (Stöckuın 1974, 
1977; Aravı 1980; Desmons 1982; DAVOUDZADEH & SCHMIDT 
1984). 


Die Ammomitenfauna des Kolah-Qazi-Gebirges zeigt 
engste Beziehungen zum nördlich gemäßigten Bereich. Der 
Zentraliran ist damit — entgegen früheren Vorstellungen 
(Owen 1971, JUIGNET & Kennepy 1976) noch in die boreale 
Hopliten-Provinz einzubeziehen. Paläogeographisch bedeu- 
tet das, daß der Zentraliran zur Zeit der mittleren Kreide be- 
reits eine weit nördlich gelegene Positition besessen haben 
muß, ın unmittelbarer Nachbarschaft zum Eurasıatischen 
Kontinent. 


NACOFHLFERAG 


Während der Drucklegung erschien eine umfangreiche Arbeit 
von C. W. WRIGHT & W. J. KENNEDY: The Ammonoidea of the 
Lower 'Chalk. Part. 1. - Monogr. palaeontogr. Soc., 137 (No. 
567), 1-126, Abb. 1-28, Taf. 1-40, London 1984. 


KENNEDY, CHAHIDA & DJAFARIAN (1979) 


Puzosia (Puzosia) cf. subplanulata (SCHLUTER)-S. 24; Taf. 2, Fig. 7. 
Puzosia (Puzosia) cf. otosulcata (SHARPE)-S. 24; Taf. 1, Fig. 13. 


Hyphoplites arausionensis horridus WRIGHT & WRIGHT - $. 27; 
Taf. 2, Fig. 10. 


Hyphoplites arausionensis arausionensis (HERBERT & MUNIER- 
CHALMASs) - S. 27; Taf. 2, Fig. 2, 8. 


Hyphoplites curvatus (MANTELL) -S. 26; Taf. 2, Fig. 1, 9. 
Mantelliceras tenue SPATH - S. 34. 

Mantelliceras costatum (MANTELL) -$. 35; Taf. 5, Fig. 1. 
Mantelliceras ventnorense DIENER - $. 36; Taf. 7, Fig. 3. 


Mantelliceras aff. conloni (D’ORBIGNY)-S.37; Taf. 5, Fig. 2; Taf. 7, 
Fig. 2. 


In dieser Arbeit werden einige der von KENNEDY, W. J.; CHAHI- 
DA, M. R. & DJAFARIAN, M. A. (1979) aus dem Glaukonitkalk des 
Kolah-Qazi-Gebirges beschriebenen Ammoniten revidiert. Eine 
Einarbeitung dieser Ergebnisse war nicht mehr möglich. Eine ta- 
bellarische Übersicht soll aber die vorgenommenen Änderungen 
zeigen. 


WRIGHT & KENNEDY (1984) 


Puzosıia (Puzosia) mayorıana (D’ORBIGNY) -S. 56. 
Puzosia (Puzosia) mayorıana (D’ORBIGNY) -S. 56. 


Hyphoplites curvatus arausionensis (HERBERT & MUNIER-CHALMAS) 
-5.73. 


Hyphoplites curvatus arausionensis (HERBERT & MUNIER-CHALMAS) 
-5.73. 


Hyphoplites curvatus curvatus (MANTELL)-S. 71. 
Mantelliceras picteti HYATT-S. 118. 

?non Mantelliceras lymense (SPATH) -S. 102. 
Mantelliceras saxbıl (SHARPE) —S. 122. 


Mantelliceras couloni (D’ORBIGNY) —S. 119. 
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Tafel I 
Fig. I: Borıssiakoceras Iranense n. sp. 
Holorı P» 67-SE-50- DR 2 
a: Frontalansicht 
b: Lateralansicht 
c: Externansicht 
Fig. 2: Hypboplites falcatus Interpolatus WRIGHT & WRIGHT 
67-SE-23-3, x 3/2 
a: Lateralansicht 
b: Externansicht 


Fig. 3: Hyphoplites psendofalcatrs SEMONON 
67-SE-23-2, x 3/2 
Lateralansicht 
Fig. 4: Hiupbhoplites costosus WRIGHT & WRIGHT 
67-SE-23-1, X 3/2 
Lateralansicht 
Fig. 5: Hiophoplites aransionensis aransionensis (HERBERT & MUNIER-CHALMAS) 
67-SE-23-11, x 1 
a: Lateralansicht 
b: Externansicht 
In der Mündung steckt ein kleines Exemplar von Hypbhoplites costosr:s (Pfeil) 
Fig. 6: Hyphoplites aransıonensis crassofalcatrs (SEMENOW) 


67-SE-23-12, x 1 
a: Externansicht 
b: Lateralansicht 
Fig. 7: Hyphoplites aransionensis horridns WRIGHT & WRIGHT 
67-SE-23-19, x 1 
a: Externansicht 
b: Lateralansicht 
Fig. 8: Hoypboplites cnrvatus (MANTELL) 
67-SE-23-4, X | 
a: Lateralansicht 
b: Externansicht 
Fig. 9: Lepthoplites cantabrigiensis SPATH 
67-SE-52-1, x 1 
aund b: Lateralansichten 
Fig. 10: Lepthoplites gracılis (SPATH) 
67-SE-52-2, x 1 
Lateralansicht 
Fig. 11: Plenvoboplites sp. aff. renanxıanıs (D’ORBIGNY) 
67-SE-53-1, x I 


aund b: Lateralansıchten 
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Schloenbachia varians subvarıans SPATH 
67-SE-30-60, X 1 

aund b: Lateralansichten 

c: Externansicht 


Schloenbachia varians subtuberculata (SHARPE) 
67-SE-30-38, x 1 
a: Lateralansicht 
b: Externansicht 


Schloenbachia varians varians (]. SOWERBY) 
67-SE-30-20, x 1 

aundc: Lateralansichten 

c: Externansicht 

Schloenbachta varians ventriosa STIELER 
67-SE-30-1, X 1 

aund b: Lateralansichten 

c: Externansicht 
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Karamaites sp. 
67-SE-54-1, x 1 
a: Frontalansicht 
b: Externansicht 


Mortoniceras (Subschloenbachia) rostratum (J. SOWERBY) 
67-SE-38-1, x 1 

a: Lateralansicht 

b: Externansicht 


Mortoniceras (Subschloenbachia) perinflatum SPATH 
67-SE-38-2, x 1 

a: Lateralansicht 

b: Exteransicht 


Forbesiceras sculptum CRICK 

67-SE-55-3, x 1 

aund b: Lateralansichten 

Forbesiceras largılliertianum (D’ORBIGNY) 
67-SE-55-1, x1 

aund b: Lateralansichten 

c: Externansicht 

Forbesiceras sp. aff. psendoobtectum COLLIGNON 
67-SE-55-4, x 1 

a: Lateralansicht 

b: Externansicht 
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Big. ll: Submantelliceras wooldridgei (YOUNG) 
67-SE-56-4, x 1 
a und b: Lateralansichten 
c: Externansicht 


Fig. 2: ders., 67-SE-56-3, x 1 
a: Lateralansicht 
b: Externansicht 


Fig. 3: ders., 67-SE-56-2, x 1 
a: Lateralansicht 
b: Frontalansicht 


Fig. 4: Mantelliceras tuberculatum (MANTELL) 
67-SE-25-61, x 1 
a: Externansicht 
b: Lateralansicht 


Big. 5: Mantelliceras mantellı (J. SOWERBY) 
67-SE-25-2, x 1 
a: Lateralansicht 
b: Externansicht 


Fig. 6: Mantelliceras cantianum SPATH 
67-SE-25-32, x 1 
a: Lateralansicht 
b: Externansicht 


Fig. 7: Mantelliceras tenue SPATH 
67-SE-25-49, x 1 
a: Frontalansicht 
b: Lateralansicht 
c: Externansicht 
Fig. 8: Mantelliceras cressierense RENZ 
67-SE-25-46, x 1 
a: Lateralansicht 
b: Externansicht 
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Fig. 1: Mantelliceras sonaillonense (RENZ) 
67-SE-25-70, x 1 
a: Lateralansicht 
b: Externansicht 


Fig. 2: Mantelliceras costatum (MANTELL) 
67-SE-25-45, x 1 
a: Lateralansicht 
b: Externansicht 


Fig. 3: Mantelliceras thomeli COLLIGNON 
67-SE-25-43, x 1 
aund b: Lateralansichten 

Fig. 4: Calycoceras (Calycoceras) boulei COLLIGNON 
67-SE-58-15, X 1 
a: Externansicht 
b: Lateralansicht 


Fig. 5: Mantelliceras gr. dixoni SPATH 
67-SE-25-71, x 1 
a: Frontalansicht 
b und d: Lateralansichten 
c: Exteransicht 
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Calycoceras (Calycoceras) naviculare (MANTELL) 
67-SE-58-1, x 1 

aund c: Lateralansichten 

b: Externansicht 


Calycoceras (Calycoceras) choffati (KOSSMAT) 
67-SE-58-21, x 1 

Lateralansicht 

Calycoceras (Calycoceras) gentoni (BRONGNIART) 
67-SE-58-12, x 1 

Lateralansicht 

Calycoceras (Calycoceras) newboldi planecostatum (KOSSMAT) 
67-SE-58-24, x 1 

a: Externansicht 

b: Lateralansicht 

Mantelliceras saxbü (SHARPE) 

67-SE-25-16, X 1 

a: Lateralansicht 

b: Externansicht 
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Fig. 1: Calycoceras (Lotzeites) bathyomphalum (KOSSMAT) 
67-SE-58-25, x 1 
a: Externansicht 
b: Lateralansicht 


Fig. 


nm 


Eucalycoceras gothicum (KOSSMAT) 
67-SE-59-1, x 1 
a: Externansicht 
b: Lateralansicht 


Fig. 3:  Acanthoceras cf. rhotomagense sussexiense (MANTELL) 
67-SE-60-1, X 1/2 
a: Externansicht 
b: Lateralansicht 


Fig. 4:  Protacanthoceras sp. 
67-SE-61-1, x 1 
a: Externansicht 
b: Lateralansıcht 


Fig. 5:  Acanthoceras juv. sp. 
67-SE-60-2, x 1 
Externansicht 

Fig. 6:  Hamites (Hamites) charpentieri PICTET 
67-SE-62-1, x 1 
Lateralansicht 

Fig. 7:  Hamites (Hamites) duplicatus PICTET & CAMPICHE 
67-SE-62-2, x 1 
Lateralansicht 

Fig. 8: Anisoceras (Anisoceras) armatum (]. SOWERBY) 
67-SE-63-1, x 1 
Lateralansicht 

Fig. 9:  Idiohamites dorsetensis SPATH 
67-SE-64-1, x 1 
Lateralansicht 

Fig. 10:  Idiohamites varıans (SCOTT) 
67-SE-64-2, x 1 
a: Externansicht 
b: Lateralansicht 

Fig. 11:  Lechites gaudini (PICTET & CAMPICHE) 
67-SE-65-2, x 1 
Lateralansicht 

Fig. 12:  Idiohamites ellipticus ellipticus (MANTELL) 
67-SE-64-3, X 1 
aund c: Lateralansichten 
b: Externansicht 
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Palökologische und biofazielle Analyse des Kimmeridge 
(Oberjura) von Consolagäo, Mittelportugal 


WINFRIED WERNER*) 


Mit 32 Abbildungen, 20 Tabellen, 18 Tafeln und 1 Beilage 


ZUSAMMENFASSUNG 


Die vorliegende Arbeit enthält eine Beschreibung der litho- 
und biofaziellen Entwicklung des 740 m mächtigen Küsten- 
profils von Consolagäo (Estremadura, Mittelportugal). Die 
Serie umfaßt zeitlich das gesamte Kimmeridge. 


Im unteren Profilteil (bis 200 m) dominieren ton- und silt- 
reiche Sedimente, die in ruhigen und geschützten Biotopen 
des küstennahen Schelfs, Prodeltas sowie mariner oder brak- 
kischer Buchten und Lagunen abgelagert wurden. Daneben 
finden sich Gesteine höherenergetischer Schwellen-, Delta- 
und Küstenbereiche. Fauna und Sedimentstrukturen belegen 
für die Sedimente des unteren Abschnitts eine geringe Was- 
sertiefe bis maximal 30 m. 


In den höheren Profilteilen herrschen Sedimente von Fluß- 
niederungen (flood plain deposits) und Rinnenfüllungen vor, 
seltener sind Süßwassersee- und Marschbildungen. Bei 
580-630 m macht sich nochmals kurzfristiger mariner Ein- 
fluß in Form von Brackwasserlagunen und Deltamilieus be- 
merkbar. 


Die Schichten des unteren marin-brackischen Profilab- 
schnitts (bis 200 m) sowie die brackischen Horizonte im hö- 
heren Profilteil führen zahlreiche Fossilvergesellschaftungen, 
die hauptsächlich aus Korallen, Bivalven und Gastropoden 
bestehen. Alle Makrofaunengruppen sind 
individuenarm oder fehlen gänzlich. Die Mikrofauna setzt 
sich aus lituoliden Foraminiferen und Ostrakoden zusam- 
men. 


anderen 


Die semiquantitative, statistische Auswertung ergibt 24 
autochthone Makrobenthos-Assoziationen. In 14 von ihnen 
dominieren epibenthonische Faunenelemente, in 9 endo- 
benthonische Formen. Eine Assoziation wird von semi-in- 
faunalen Organismen geprägt. Zusammensetzung und Diver- 
sıtät der Faunengemeinschaften werden im wesentlichen von 
den zwei Ökofaktoren Substrat(-Stabilität) und Salinität kon- 
trolliert. Als Substrat bevorzugten die Epibenthosassoziatio- 
nen stabile bioklasten- und sandreiche Schlammböden. Die 


*) Dr. W. Werner, Bayerische Staatssammlung für Paläontologie 
und historische Geologie, Richard-Wagner-Straße 10, 8000 Mün- 
chen 2. 


Endobenthosgemeinschaften siedelten dagegen vorwiegend 
auf instabilen feinkörnigen Silt- und Mergelsubstraten. Die 
Assoziation mit Semi-infauna-Dominanz nutzte komponen- 
tenarme siltige Mikritschlämme. Die entlang eines Korngrö- 
ßen- und Karbonatgradienten aufgelisteten Assoziationen 
zeigen eine Korrelation zwischen niedriger Diversität und 
feinkörnigen instabilen Substraten einerseits und hoher Di- 
versität und gröberen Sedimenten mit karbonatischer Bin- 
dung andererseits. 


Jeder Faunenassoziation wird ein Salinitätsbereich zuge- 
ordnet. Die Assoziationen reihen sich entlang eines Salini- 
tätsgradienten auf, der vom Euhalinikum über das Brachy-, 
Meso- und Oligohalinikum bis in das Süßwasser reicht. Ein- 
zige Assoziation des Süßwassers ist eine monospezifische 
Gastropodengemeinschaft. Entlang des Salinitätsgradienten 
sinkt mit abnehmender Salinität die Diversität der Assozia- 
tionen. Dies wird zurückgeführt auf die Abnahme marin- 
euryhaliner Arten, deren optimale Entwicklung unter nor- 
malmarinen Bedingungen gegeben ist, und die zunehmende 
Dominanz euryhaliner Opportunisten, die unter normalma- 
rinen Bedingungen untergeordnet auftreten und erst unter 
Streß (Salinitätsschwankungen bzw. -verminderung) indivi- 
duenreich erscheinen. Die Brackwassergemeinschaften wer- 
den von euryhalinen Opportunisten oder endemischen 
Brackwasserarten dominiert. Die geringste Diversität aller 
Assoziationen liegt entsprechend der Aussage der sogenann- 
ten REMANE-Kurve bei den Gemeinschaften des Meso- und 
Oligohalinikums. 


Der für Epibenthos- und Endobenthosassoziationen ge- 
trennt vorgenommene Vergleich der Diversitätswerte ergibt, 
daß die jeweiligen Assoziationen im Profil nach oben zu ge- 
ring diverser werden. Diese auch bei Ichnofauna und Mikro- 
fauna erkennbare Abfolge spiegelt eine relativ kontinuierlich 
und azyklisch verlaufende Regression wider, die von hoch- 
diversen Biotopen (küstennaher Schelf, distales Prodelta) zu 
streßreicheren Zonen (proximales Prodelta, Deltafront, Del- 
ta, brackische Lagune) führt und schließlich in der Verlan- 
dung bei 200 m endet. 


Die brackischen Einschaltungen innerhalb des fluviatil-ter- 
restrischen Abschnitts (580-630 m) enthalten Assoziationen, 


die sich von den Gemeinschaften des unteren Profilteils un- 
terscheiden. 

Aus der Faziesentwicklung des Consolagäo-Profils und 
dem Vergleich anderer Oberjuraprofile des Lusitanischen 
Beckens ergibt sich für den Bereich Peniche/Consolagäo eine 
paläogeographische Konstellation, die bestimmt wird durch 
eine im Westen und Norden auftauchende Kristallinscholle 
(Berlenga-Typ, Ausdehnung beiderseits der heutigen Berlen- 
gas nach N und S/SW) und eine im Bereich der heutigen Dia- 
pirstrukturen (Bolhos — Vimeiro) gelegene Schwellenregion, 
deren Ursache in Schollen- und/oder Salztektonik begründet 
liegt. Diese Konstellation führte im Unterkimmeridge dazu, 
daß der Bereich Peniche/Consolagäo nach Westen, Norden 
und Osten weitgehend von hochmarinen und höherenergeti- 
schen Fazies abgeschirmt war. Es entwickelten sich die insge- 


samt ruhigen Bucht- und Lagunenmilieus der unteren 200 m 
von Consolagäo, wobei sich die Küstenlinie fortschreitend 
von N/NW nach S/SE verlagerte und somit eine allmähliche 
Verlandung während des höheren Mittelkimmeridge herbei- 
führte. Die fluviatil-terrestrische Phase dauerte bis in das 
(? mittlere) Oberkimmeridge. Die brackischen Einschaltun- 
gen bei 580-630 m stellen zeitgleiche Ausläufer der Pteroce- 
riano-Fazies dar, die an der Küste bei Santa Cruz ihre größte 
Mächtigkeit mit vollmarinen und brackischen Sedimenten er- 
reicht, weiter nördlich bei Porto das Barcas bereits an Mäch- 
tigkeit verliert und im Consolagäo-Profil schließlich nur mehr 
aus einigen Brackwasserhorizonten besteht. Dem erneuten 
Rückzug des Meeres nach Süden folgte (? am Ende des Ober- 
kimmeridge) die endgültige, bis zur Kreide währende Verlan- 
dung des Raumes südlich Peniche. 


SUMMARY 


The litho- and biofacies development of the 740 m thick 
coastal section at Consolagäo is described. Based on a small 
ammonite faunula and the microfauna the stratigraphic range 
is from the Lower to the Upper Kimmeridgian (? Lower Ti- 
thonıan). 


The basal 200 m of the section are dominated by clay- and 
siltrich sediments (silt, silty biomicrite, sandy marly limesto- 
nes) deposited in calm and protected environments (nearshore 
shelf, prodelta, marine or brackish bays and lagoons). More 
rarely sediments are sandy and conglomeratic and characte- 
rize shoals, delta front and coastal ridges. Fauna and sedimen- 
tary structures generally indicate deposition in shallow water 
(0-30 m). 


The middle and upper part ofthe section is characterized by 
reddish and greenish silty flood plain deposits and intercalat- 
ed sandy channel fills. Rarely, fine-grained coastal lake and 
marsh sediments occur. Between 580 m and 630 m brackish 
faunas indicate short-time marine incursion in delta environ- 
ments. 


Within the fluvio-terrestrial facies the fossil record is very 
scant (Charophytes, reptile fragments). In contrast the ma- 
rine and brackish facıies (0-200 m, 580-630 m) contain nume- 
rous fossil assemblages, which consist mainly of corals, bival- 
ves and gastropods. Other macrofaunal groups (ammonites, 
brachiopodes, sponges, echinoderms) only occur in few lay- 
ers or are absent. A semi-quantitative analysis showed twen- 
tyfour autochthonous recurring macrobenthos associations. 
Fourteen of them are dominated by epibenthic organısms, 
nine by endobenthic organisms, and one by the semi-infaunal 
bivalve Trichites. Typical elements of the epibenthic associa- 
tions are dendroid/phaceloid calamophyllüid corals (,, Cala- 
mophyllia“/Calamopbhylliopsis ) forming low to high diversity 
coral biostromes with Stylina, Actinastrea, Ovalastrea, 
Axosmilia and Epistreptophylium. Other dominant elements 
are byssate bivalves (Pteroperna, bakevelliids, /sognomon, 
Lycettia). The oyster Liostrea formed small patch reefs. 
Within the endobenthic associations low and moderately 
deep burrowing suspension-feeding bivalves (Corbulomima, 
Thracıa, ?Neomiodon, Eomiodon, Jurassicorbula ) dominate. 


The only deposit-feeding bivalve (Mesosaccella) also is 
among the dominant elements in some associations. Two as- 
sociations are composed of nerineid and valvatid gastropodes. 


Faunal composition and diversity (expressed by species 
richness, evenness and rarefaction curves) are mainly control- 
led by two environmental parameters, namely substrate and 
salinity. The epibenthic associations lived on stable bioclastic 
and sandy substrates, while the endobenthic associations pre- 
ferred soft fine-grained muds. The substrate of the semi-in- 
faunal Trichites association is a silty micrite with only few 
bioclastie and anorganic components. High diversities are 
correlated with stable substrates (bioclastic and sandy, partly 
carbonaceous sediments), low diversities with soft, instable 
substrates (silt, marl). 


Based on a synthetical analysıs of lithological and biofacial 
features (microfacies, sedimentary structures, microfauna, 
ichnofauna) each association can be assigned to a certain sali- 
nity range. The associations are arranged along a salinity gra- 
dient, which extends from the euhaline to brachy-, meso-, 
oligohaline and to the freshwater regime. The only associa- 
tion living in freshwater lakes ıs represented by the gastropod 
/alvata. Along the salinity gradient diversity decrease from 
the euhaline to oligohaline. This decrease is due to the de- 
crease of marine-euryhaline species, which flourish under eu- 
haline conditions, and the increasing dominance of euryhaline 
opportunists. These organısms are subordinate elements of 
the euhaline communities, but flourish under unfavorable 
conditions (e. g. salinity fluctuations). The typical brackish 
water environments are dominated by euryhaline opportu- 
nists or endemic brackish elements (e. g. ?Neomiodon ). Like 
in the Recent (e. g. demonstrated by the so-called Remane 
curve) associations of the meso- and oligohaline waters have 
the lowest diversity values. 


As salinity is considered to be adominant factor influencing 
faunal composition and diversity, and as salinity also reflects 
the palaeogeographic setting, the succession of the associa- 
tions within the Consolagäo section can be used to characte- 
rize the general development of section. To eliminate other 
factors than salinity (e. g. substrate) the sequence of epi- and 


endobenthic associations is regarded separately. Within the 
sequence represented by the endobenthic associations asso- 
ciations of high diversity are followed by association of lower 
diversity. A recurrence of higher diversity associations in up- 
per parts of the section is not observed. This sequence of de- 
creasing diversity corresponds to increasing environmental 
stress and reflects a continuous and acyclic regression ın the 
lower 200 m ranging from high diversity habitats (nearshore 
shelf, marine bay, distal prodelta) to unfavorable environ- 
ments (proximal prodelta, delta front, delta, brackish la- 
goons) and fluvio-terrestrial facies at 200 m. This develop- 
ment can also be recognised, albeit less clearly, within the se- 
quence of the epibenthic associations, the microfauna (lituo- 
lid foraminifera — to ostracod-dominated assemblages) and 
the ichnofauna (Thalassinoides/Rhizocorallium- to Diplocra- 
terion/Ophiomorpha/Polykladichnus- and terrestrial Scoy- 
enia-facıes). 

Associations of brackish facies between 580 and 630 m dif- 
fer from the associations of the basal part of the section. This 
is partly due to the first occurrence of some species in the up- 
per part, partly due to differences of facies type. 


For the palaeogeographical reconstruction of the north- 
western part of the Lusitanian Basın, some biostratigraphic 
data of sections along the diapıir line Caldas da Rainha - Obi- 
dos — Bolhos — Santa Cruz have been augmented and/or 


reinterpreted. At the base of the Kimmeridgian the palaeoge- 
ographic situation in the region around Peniche is characteri- 
zed by an emerged basement in the West and North (Berlen- 
ga-type, with elongated extension on both sides of the recent 
Berlengas to North and South/Southwest) and a swell trend- 
ing East/Southeast corresponding closely to the recent dia- 
pir line from Bolhos to Vimeiro. This swell has been caused 
by graben/horst tectonics and/or salt diapır movements. In 
this well protected situation the fine-grained low and modera- 
tely high energy sediments of the basal part of the Consolagao 
section have been deposited. The coastline prograded from 
North/Northwest to South/Southeast, which gradually led to 
the establishment of fluvio-terrestrial environments at Con- 
solagäo (level of section: 200 m) during the upper Middle 
Kimmeridgian. This phase of non-marine deposition conti- 
nued up to the (?middle) Upper Kımmeridgian. The brackish 
facıes between 580 and 630 m can be correlated with the ma- 
rine and brackish Pteroceriano facies, which reaches their ma- 
ximum thickness along the present-day coast at Santa Cruz, 
diminishes in thickness to the North at Porto das Barcas and ıs 
represented by only some horizonts at Forte Pai Mogo. The 
Consolagäo section ends with arenewed regression and depo- 
sition of fluvio-terrestrial sediments (? end of the Upper 
Kimmeridgian/Lower Tithonian). 
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1. EINFÜHRUNG 


1.1 GEOLOGISCHE ÜBERSICHT 


Die Geologie Portugals wird von drei tektonischen Groß- 
strukturen geprägt: dem kristallinen Grundgebirge des He- 
sperischen Massivs (= Iberische Meseta), zwei mesozoisch 
angelegten Sedimentbecken sowie den Tertiärbecken der 
Flüsse Tejo und Sado. Dominierendes Element ist das Hespe- 
rische Massiv, das aus präkambrischen und paläozoischen 
Gesteinen besteht und im Lauf der herzynischen Orogenese 
konsolidiert wurde. Es bestimmt die zentralen und west- 
lichen Regionen der iberischen Halbinsel und nimmt dabei 
auch weite Teile Nord-, Ost- und Südportugals ein. Von den 
zwei mesozoischen Sedimentbecken streicht das eine als 
schmaler Streifen entlang der portugiesischen Südküste aus. 
Das andere, das sogenannte Lusitanische Becken, erstreckt 
sich entlang der Atlantikküste von Porto bis Setubal (Abb. 1). 
Seine Gesteine prägen heute weitgehend das Landschaftsbild 
der mittelportugiesischen Provinz Estremadura. 


Das Lusitanische Becken entstand nach Abschluß der 
herzynischen Orogenese infolge Absinkens der westlichen 
Ausläufer des Hesperischen Massivs in NNE-SSW-Rich- 
tung. Es ist verfüllt mit einer mächtigen Folge mariner und 
kontinentaler Sedimente des Meso- und Känozoikums, dar- 
unter einer bis zu 5000 Meter mächtigen Serie des Jura (Wır- 
son 1975a, b, Rıseıro et al. 1979, RamarHo 1971). Bedingt 
durch die Lage am Rande des Protoatlantik bestimmen Trans- 
und Regressionen die Entwicklung und Fazies des Beckens ab 
der höheren Trias. 


Im Keuper setzt mit Evaporiten eine erste Transgression 
ein (Para 1978), die in Lias und Dogger mit zunehmend 
mergeligen und kalkigen, z. T. Ammoniten-reichen Fazies 
auf den Westen Portugals übergreift. Die Transgression er- 
reicht ihren Höhepunkt im unteren Callovium. Im höheren 
Callovium erfolgt ein rascher Meeresrückzug, der zur völli- 


gen Verlandung des Beckens während des unteren Oxfords 
führt (RUGET-PERROT 1961, Rigeiro etal. 1979). Auf diese Re- 
gression setzt eine zweite, kurze Transgressionsphase ın 
Oberoxford und Kimmeridge ein, die im Zusammenwirken 
mit den seit dem oberen Dogger in Diapiren aufsteigenden 
Evaporiten der Trias/Jura-Grenze eine vielfältige und schnell 
sich ändernde Faziesausbildung verursacht. Gegen Ende des 
Jura verlandet das Becken erneut. Lediglich im Bereich des 
heutigen Sintra-Massivs nordwestlich Lissabon reicht die ma- 
rine Fazies bis in die untere Kreide (RamarHo 1971, Rey 
1972). Die mit der Öffnung des Atlantik in Zusammenhang 
stehende Hauterive-Transgression (WıLson 1975a, b, WıLson 
& WırLiams 1979, Bo1LLoT et al. 1972, 1973, 1975) leitet eine 
weitere marine Phase im Sedimentationsgeschehen des Lusi- 
tanischen Beckens ein. 


Im Rahmen eines von der Deutschen Forschungsgemein- 
schaft unterstützten Programms wird derzeit die Entwick- 
lung der randlich marinen Faziesbereiche des Lusitanischen 
Beckens während des oberen Jura erforscht. Mit palökologi- 
schen, sedimentologischen und mikrofaziellen Untersu- 
chungsmethoden sollen die Wechselbeziehungen zwischen 
Biotop und Faunenvergesellschaftungen, daneben die Ent- 
wicklung der Faunengemeinschaften und der Paläogeogra- 
phie ermittelt werden. 


Die bisherigen Arbeiten behandeln Profile im Südteil des 
Beckens am Cabo Espichel und in der Serra da Arrabida (Für- 
sıcHh et al. 1980, FELBER et al. 1982) sowie im mittleren Ab- 
schnitt bei Santa Cruz (FürsıcH 1981a, s. Abb. 2). Die vorlie- 
genden Untersuchungen betreffen das Profil von Consolagäo, 
das sich südlich der Hafenstadt Peniche von Consolagäo ent- 
lang der Atlantikküste bis Praia da Lourinhä erstreckt 
(Abb. 2). Die über 700 Meter mächtige Gesteinsserie bildet 
den Nordflügel einer Muldenstruktur, die von Consolagäo 
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Abb. 1: Geologische Übersicht Mittelportugals mit der Verteilung der Diapir-Strukturen 


bis Porto Novo reicht und deren Kern bei Praia da Lourinhä 
(= Praia da Areia Branca) liegt. 

An der Profilbasis sind überwiegend graubraune, fossilfüh- 
rende mergelige Kalke und zwischengeschaltete Mergel oder 
Silte zu finden. Den mittleren und höheren Teil prägen dage- 
gen rote oder grüne Silte und Sandsteine (Abb. 3). Die 
Schichten fallen bei Consolagao leicht nach Süden ein 
(90°/15°S; Taf. 1, Abb. 1, 2), nehmen zum Muldenkern dann 
allmählich eine nahezu horizontale Lagerung ein (Taf. 1, 
Abb. 3, 4). Der Südflügel zeigt insgesamt nur geringe Ein- 


fallswerte nach Nord, so daß hier die den älteren Basısschich- 
ten des Nordflügels entsprechenden Gesteine nicht an die 
Oberfläche treten und nur fazielle Äquivalente des höheren 
Teils des Nordflügels beobachtet werden können. Die vorlie- 
genden Untersuchungen erbrachten keine Hinweise auf die in 
der geologischen Karte „‚Lourinhä“ (CAMARATE FRANGA et al. 
1961) verzeichneten Abadia-Äquivalente im Südflügel der 
Lourinhä-Mulde. Erst in den vom Vimeiro-Diapir hochge- 
schleppten Oberjuragesteinen sind wieder zeitäquivalente 
Fazies der unteren Concolagäo-Horizonte zu vermuten. 
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Abb. 2: Geologisch-fazielle Übersicht des Oberjura im Bereich der Diapirreihe Obidos — Bolhos - Vi- 
meiro — Santa Cruz. Das Consolagäo-Profil erstreckt sich von Forte Consolagao bis Praia da Lourinhä. 


Eine Schar NW-SE-gerichteter Störungen durchzieht das 
Profil im Bereich von Consolagäo (s. geologische Karte 
1:50000, Blatt ‚‚Peniche‘‘, CAMARATE FrANGA etal. 1960). Die 
Hauptstörung verläuft direkt unterhalb des Forts und trennt 
dabei die westlich der Störung gelegenen, zur durchgehenden 
Gesteinsfolge gehörenden Teile lokal vom Festland ab 


(Taf. 1, Abb. 1). Der Profilabschnitt südlich des Festland- 
vorsprungs (17 bis 34 Profilmeter) liegt meist unter Meeres- 
bedeckung verborgen und ist nur bei günstigsten Gezeitenbe- 
dingungen begeh- und beprobbar. Von diesem Bereich läßt 
sich deshalb keine detaillierte Faunenentwicklung ermitteln. 
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Alveosepta jaccardi 
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O-Kimmeridge 


—U-Kimmeridge—- 
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Sandsteine 


> Ammoniten 


Abb. 3: 


stratigraphisch verwendbaren Fossilien. 


Das Profil Consolagäo und die wenigen sich landeinwärts 
anschließenden Aufschlüsse sind heute durch die Störungs- 
linie der Diapirreihe Caldas da Rainha - Bolhos - Vimeiro — 
Santa Cruz von den übrigen Jura-Aufschlüssen des Lusitani- 
schen Beckens abgetrennt. Die unmittelbar bei den Diapiren 
anstehenden Oberjuragesteine weisen eine besondere Fazies- 
entwicklung auf, ein lokales Aufsteigen der Diapire und da- 
mit eine separate Entwicklung des Bereiches von Consolagäo 
ist deshalb bereits im unteren Kimmeridge wahrscheinlich. 
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Schematische Faziesabfolge des Consolagäo-Profils mit zeitlicher Einstufung und Verteilung der 


Die Entwicklung des Concolagäo-Profils ist auch im Hin- 
blick auf die Nähe zu den der Küste vorgelagerten Inselgrup- 
pen der Berlengas und der Farilhöes (Abb. 1, 2) von Bedeu- 
tung. In diesen aus Graniten (Berlengas) und metamorphen 
Glimmerschiefern (Farilhöes) bestehenden Inseln werden Re- 
likte eines ehemaligen kristallinen Festlands vermutet, wel- 
ches das Lusitanische Becken im Westen vom offenen Meer 
des Protoatlantiks zeitweise abgegrenzt und als Liefergebiet 
für einen Großteil der klastischen Sedimente an der Jura- 


Kreide-Grenze gedient hat (FREIRE DE ANDRADE 1937-38, 
ParGA 1969). 


1.2 BISHERIGE ARBEITEN ÜBER DAS PROFIL 
CONSOLACAO 


In der geologischen Literatur fand das Profil von Consola- 
gäo bisher nur wenig Beachtung. Die spärlichen Beschreibun- 
gen stammen ım wesentlichen von Paul CHorrATt, dem Nestor 
der geologischen Erforschung Portugals. Es handelt sich um 
eine unveröffentlichte Aufzeichnung (,,corte inedito‘“‘) mit 
Angaben über einige Fossilhorizonte des unteren Profilteils 
(wiedergegeben in den Erläuterungen zur geologischen Karte 
1:50000, Blatt ‚„‚„Peniche“, CAaMarATE Franca et al. 1960, 
S. 12) und um die Beschreibung zweier Bivalvenarten (Tr:- 
chites saussurei var. consolacionensıis, Trıgonia muricata) am 
Fort von Consolagäo (CHoFFAT 1885). Außer CHorrar brin- 
gen LAPPARENT & ZeyszEwskı (1957) die Gesteinsfolge in ihrer 
Monographie über die Dinosaurier von Portugal in Erinne- 
rung. Sie erwähnen aus mittleren Profilabschnitten beı Sao 
Bernardino einige Reste von Apatosaurus alenguerensis und 
Omosaurus lennieri, daneben vom Profilende bei Praia da 
Areıa Branca Knochen von Brachiosaurus atalaiensis, Omo- 
saurus lennieri und Megalosanrus insignis. Von der Compan- 
hia dos Petroleos de Portugal liegt ein unveröffentlichter Be- 
richt über die Profilfolge vor (MEmpeı 1952a). 


1.3 ZEITLICHE EINSTUFUNG DES PROFILS 
CONSOLACAO 


Sämtliche bisherigen Datierungen gehen auf CHorrat zu- 
rück. CHorrat (1885, $. 27 u. 75) stellt die Trichites- und 
Trıigonia-führenden Schichten am Fort (= Basıs des Profils) 
in das Niveau der Couches a Lima alternicosta (Abb. 4). 
Couchesä Lima alternicosta sind ebenso wie Couchesä Pho- 
ladomya protei und Couches d’Alcobaga Faziesbegriffe, die 
CHOFFAT für randlich-marine, brackische und terrestrische 
Sedimente des mittleren und höheren Lusitans eingeführt hat, 
ohne jedoch ein zeitliches Verhältnis dieser Einheiten unter- 
einander und zu den mit Ammoniten besser gliederbaren 
„Becken“-Einheiten des Bereichs Torres Vedras — Monte- 
junto geben zu können. CHoFFaT vermutet lediglich, daß die 
Couches d’Alcobaga ‚‚sont peut-Etre une facies de la partie 
superieure des couches ä Pholadomya protei, plus probable- 
ment une facies des couches ä Lima alternicosta‘“ (1885, 
S. 18), wobei die Couches ä Lima alternicosta südlich der 
Couches d’Alcobaga ausgebildet sind. 

In späteren Arbeiten (CHorrar 1901, 1905) verzichtet 
CHOorFAT auf den Begriff der Couches ä Lima alternicosta und 
verwendet (? als Synonym) den der Couchesä Lima psendal- 
ternicosta, die nun als unterstes Glied des Neojurassique auf 
das Lusitan folgen und aus zwei Abschnitten — den basalen 
Couches ä Polypiers, Lima pseudalternicosta etc. und den 
hangenden Couches ä Opisthobranches - bestehen. Mit der 
Korrelierung der untersten Lagen am Fort mit diesen Cou- 
ches a Opisthobranches (CHOFFAT in CAMARATE FRANGA et al. 
1960, S. 12) stuft CHorrart die Profilbasis wesentlich jünger 
ein als in seiner Arbeit des Jahres 1885 (Abb. 4). 
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Die von CAMARATE FRANGA et al. zitierte ‚‚corte inedito‘“ CHOF- 
FATs ist derzeit verschollen. Da CHOFFAT die von ihm selbst einge- 
führten stratigraphischen und faziesbezogenen Namen in ständig 
wechselndem Sinn benutzte (vgl. RUGET-PERROT 1961, Tab. IV, 
S. 171), wäre die Kenntnis des Entstehungsjahres der Aufzeichnun- 
gen von erheblicher Bedeutung für die Beurteilung der Einstufungen 
CHOFFATS. 

CAMARATE FRANGA etal. (1960, 1961) rechnen den Basalteil 
des Profils und einen Teil der Sandsteinfolge den ‚„„‚Camadas 
d’Abadia“ zu. Darüber folgt das ‚‚Pteroceriano“‘, beginnend 
über nicht genau definierten Konglomeraten der Abadia- 
Schichten. Den Abschluß des ‚‚Pteroceriano“ bilden die letz- 
ten fossilführenden Horizonte, über welchen das ‚‚Portland“ 
im Muldenkern bei Areıa Branca zu liegen kommt. Sowohl 
Konglomeratbänke am Top der Abadia-Schichten wie Fossil- 
horizonte des Pteroceriano untergliedern das Profil nicht in 
unterscheidbare Faziesabschnitte und stellen höchstens lokale 
Kartierhilfen dar. Mißverständnisse ergeben sich auch bei der 
Verwendung der Begriffe ‚„‚Camadas d’Abadia“ und ‚‚Ptero- 
cerıano“, die von CHorrart im Bereich Torres Vedras- Mon- 
tejunto als Fazieseinheiten definiert wurden, im Consola- 
säo-Profil faziell jedoch nicht oder nur andeutungsweise ent- 
wickelt sind. Gleichzeitig wird in der Literatur bei der Ver- 
wendung dieser Faziesnamen eine stratigraphische Einstu- 
fung und Abfolge impliziert (Abadia-Schichten — Pteroce- 
rıano — Portland), die für die eigentlichen Typusprofile dieser 
Fazies nicht als gesichert gilt. Auf Anwendung der Fazies- 
bezeichnungen für die Gesteinsfolge von Consolagao wird 
deshalb hier weitgehend verzichtet. 


Die vorliegenden Untersuchungen ergaben folgende An- 
haltspunkte für eine stratigraphische Zuordnung: 


Mit den Ammoniten cf. Mesosimoceras sp. (ca. 46 m) und 
Ataxioceras sp. (72 m) ıst der untere Profilteil weitgehend ın 
die platynota- bis hypselocyclum-Zone des unteren Kimme- 
ridge (sensu gallico) zu stellen (Abb. 3, 4). Anteile von ober- 
stem Oxford in den Basısschichten sind nicht auszuschließen. 
Die Einstufung in das Unterkimmeridge wird durch die 
überwiegend aus lituoliden Foraminiferen zusammengesetzte 
Mikrofauna erhärtet (Abb. 3). Die einzelnen Arten besitzen 
aufgrund der relativ großen stratigraphischen Reichweite und 
des faziesabhängigen Erscheinens nur eingeschränkte Bedeu- 
tung für die zeitliche Datierung; der Abfolge der Häufigkeits- 
verteilung wird jedoch ein gewisser Leitwert zugeschrieben. 
Die dominierende, teilweise mit 75-90 % faunenbestimmende 
Foraminifere der unteren 80 Meter ist Alveosepta jaccardı. 
Sie erscheint in südlichen Bereichen des Lusitanischen Bek- 
kens im Oberoxford und Unterkimmeridge (RamaLHo 1971) 
und erreicht in weiten Teilen Europas, Afrikas und Nord- 
amerikas ihr Maximum im Unterkimmeridge (ScHmipr 1955, 
FourcADE 1963, 1970, PEyYPERNES 1976, BIELECKA 1980, EBEID 
1977, AscoLı 1976, GRADSTEIN 1976, 1979). Einen Hinweis 
auf Unterkimmeridge gibt neben Alveosepta jaccardı das 
gleichzeitige, jedoch untergeordnete Auftreten von Everticy- 
clammina virguliana (Maync 1960, Pascaı 1973). 


Auf die von Alveosepta jaccardı dominierte Serie folgt zwi- 
schen 90 und 105 Meter ein Abschnitt mit dem verstärkten, 
z. T. faunenbildenden Auftreten von Everticyclammina vir- 
guliana. Der Wechsel von Alveosepta jaccardi- zu solchen 
von Everticyclammina virguliana-bestimmten Faunenge- 
meinschaften ermöglicht in Europa lokal eine Abgrenzung 
von Unter- und Oberkimmeridge (PEyBErnes 1976, FOUR- 
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cADE 1963). Aufgrund des Fehlens von Alveosepta jaccardi 
oberhalb 95 m und dem gleichzeitigen Erscheinen von Recto- 
cyclammina chouberti, die bisher ın Portugal nur aus jüngeren 
Schichten bekannt ist (RAMALHo 1971), ist auch im Consola- 
cäo-Profil in diesem Bereich die Grenze Unter- zu Ober- 
kimmeridge anzunehmen. 


Mit der Einstufung der unteren etwa 100 Meter in das Un- 
terkimmeridge (sensu gallico) entsprechen die unteren fossil- 
reichen Kalke, Mergel und Silte der Consolagäo-Schichten 
zeitlich den Gres de Cabrito (MOUTERDE et al. 1973) bzw. den 
unteren Teilen der ‚„Marnes d’Abadia“ des Bereiches Torres 
Vedras - Montejunto (vgl. Abb. 4). 


Die mittleren und höheren, fossilarmen Abschnitte der Ge- 
steinsfolge erbrachten nur wenige Altersdaten. Cetacella ar- 
mata MarTIıNn wird unter den Östrakoden trotz ihres faziell 
gebundenen Auftretens an stark ausgesüßte Bereiche ein stra- 
tigraphisch leitender Wert für das Oberkimmeridge bis Un- 
tertithon (sensu gallico) zuerkannt (Marrın 1958, HELMDACH 
1971, 1973-74, BRENNER 1976). Aufgrund des Fehlens dieser 
Ostrakode in entsprechender Fazies des Unterkimmeridge 
Portugals (z. B. Guimarota/Leiria, vgl. HeımpacH 1973/74) 
ist mit einem erstmaligen Auftreten dieser Form im Ober- 
kimmeridge (sensu gallico) zu rechnen. Funde von Cetacella 
armata in mittleren wie höheren Abschnitten belegen für 
diese Profilteile ein Alter von Oberkimmeridge mit möglı- 
chen Anteilen an Untertithon (Abb. 3, 4). 


Das Profil von Concolagao umfaßt demnach eine Zeit- 
spanne von (? Oberstes Oxford-)Unterkimmeridge bis 
Oberkimmeridge (-?Untertithon). 


1.4 ARBEITSMETHODIK 


Das Profil wurde Schicht für Schicht nach palökologischen 
und sedimentologischen Gesichtspunkten aufgenommen-und 
dabei auf Mikro- und Megafauna beprobt. Soweit möglich 
wurden im Gelände die Megafaunenvergesellschaftungen für 
statistische Untersuchungen ausgezählt. Zusätzliche semi- 
quantitative Daten erbrachte eine Feinpräparation der 
Weichbodenproben (meist tonige Silte und Mergel) im Labor. 
Ferner wurden zur Auswertung An- und Dünnschliffe sowie 
einige Schwermineralproben herangezogen. 


Die Bestimmung der Megafauna, insbesondere der Koral- 
len, Bivalven und Gastropoden erbrachte eine Anzahl noch 
unbekannter Arten. Diese sollen an anderer Stelle gesondert 
beschrieben werden und stehen deshalb hier noch in offener 
Schreibweise (z. B. sp., sp. A). Für Gattungen in Anfüh- 
rungszeichen (z. B. „‚Astarte“ ) konnte das derzeit gültige 
Synonym nicht ermittelt werden. 


Bei der Bestimmung der Korallen wurde trotz gelegentlich 
überalterter Taxonomie auf die Namengebung von GEYER 
(1954, 1955a, b) zurückgegriffen, um einen zeitlichen und 
ökologischen Vergleich der portugiesischen Oberjura-K.oral- 
len zu ermöglichen. Eine weiter ausgreifende Bearbeitung der 
mittelportugiesischen Oberjura-Korallen ist in Vorbereitung. 


Auf die Auflistung der Bestimmungswerke im Literatur- 
verzeichnis wurde verzichtet. Eine Übersicht über die ver- 
wendete Molluskenliteratur ist bei Durr (1978), HUCKRIEDE 
(1967) und WELLNHOFER (1964) zu finden. 


2SREAZIESTNY DEIN 


Infolge der klimatischen Bedingungen und der Meeres- 
erosion weisen die Gesteinshorizonte entsprechend ihrer ur- 
sprünglichen diagenetischen Verfestigung eine mehr oder 
minder tiefgründige Verwitterung auf. Während Körper- so- 
wie Spurenfossilien, Schichtungsstrukturen und relative 
Härteunterschiede hierdurch gut erkennbar werden, steht vor 
allem für Schliffuntersuchungen nicht immer das ursprüng- 
liche, frische Gestein zur Verfügung. Ein Vergleich von ver- 
wittertem, an der Oberfläche anstehendem und frischem, un- 
terhalb der Meeresbedeckung ausstreichendem Gestein des 
gleichen Horizontes macht deutlich, daß das ursprüngliche 
Ton-Sılt-Karbonat-Verhältnis je nach Fortschreiten der Ver- 
witterung unterschiedlich beurteilt werden kann. Generell 
zeichnen sich alle Gesteine des Consolagao-Profils durch sili- 
ziklastische Beimengungen aus (Ton, Silt, Sand). Aufgrund 
der Unsicherheit bei der Abschätzung des Karbonat- und 
Feinklastika-Anteils sowie einer für diese Gesteine noch un- 
zureichenden Klassifikation erfolgt die Benennung der Ge- 
steine mit dominierendem Karbonatgehalt zweckmäßiger- 
weise nach den Karbonatklassifikationen (FoLk 1962, Dun- 
HAM 1962) mit Zusatzangaben zum Klastikagehalt. 


2.1 MIKRITE MIT FEINKLASTISCHEN 
BEIMENGUNGEN 


Gesteine dieses Faziestyps finden sich in den unteren 70 m 
des Profils und enthalten in wechselnden Mengen Ton, Silt 
und gelegentlich Feinsand. In einigen Bänken mit höherem 
Klastika-Anteil sind Übergänge zu den sandigen Mergelkal- 
ken möglich. 


2.1.1 Siltige Mikrite 


Die Hauptverbreitung dieser Fazies liegt im unteren Teil 
des Profils. Mit 10 bis 80 cm, meist 15 bis 30 cm mächtigen 
Bänken schalten sich die Mikrite zwischen die tonigen Silte 
und Mergel. Im frischen Bruch besitzt das Gestein eine blau- 
graue Farbe. Ansonsten überwiegt die bräunliche Verwitte- 
rungsfarbe. 


Mikrofazies 


Im Schliffbereich erweisen sich die Kalke als biogenarme 
tonige Mudstones mit Quarz- und Kalzitdetritus bis 30u 
Größe, der gleichmäßig und ohne erkennbare Größeneinre- 
gelung verteilt ist. Selten sind Quarzkörner bis 0,5 mm. An 
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Makroorganismen finden sich einige disartikulierte Bivalven- 
schalen, Echinodermen- und Gastropodenreste. Die Bival- 
venschalen nehmen häufig eine konkav-oben-Lage ein 


(Taf. 11, Abb. 2). 


Die Mikrofauna besteht aus wenigen lituoliden Foramini- 
feren, vorwiegend Alveosepta jaccardı, seltener Everticy- 
clammina virguliana (Taf. 11, Abb. 4), Lenticulina sp., 
Nautiloculina cf. oolithica. Ostracoden sind selten. 


Die Diversität der Mikroflora ist ebenfalls gering, aller- 
dings bestimmt Alge E stellenweise durch ihr gehäuftes Auf- 
treten den Charakter der Fazies. Es handelt sich um bis zu 
0,5 mm dicke schlauchartige Gebilde, in derem zentralen Be- 
reich bis zu 20 u dicke Filamente im wesentlichen parallel der 
Längsachse verlaufen. In den randlichen Partien überwiegen 
dagegen 7-10u dicke, vorwiegend radial stehende Filamente 
(Taf. 17, Abb. 1-3). Der zonare Aufbau ist nicht in allen Fäl- 
len erhalten, eine Zuordnung dieser bisher unbekannten Art 
zu den Codiaceen, die diesen Aufbau besitzen (Wray 1977), 
ist jedoch sehr wahrscheinlich. Selten tritt Mikroproblemati- 
kum 11 (Taf. 15, Abb. 7) und Mikroproblematikum 4 
(Taf. 16, Abb. 1-5) auf. 


Pellets kommen untergeordnet in der Fazies vor. Sie wer- 
den bei einem runden bis ovalen Querschnitt 3040 u groß. 
Aufgrund der Form und der Größe handelt es sich wohl um 
Kotpillen, weniger um Fragmente von mikritisierten Rinden- 
körnern, die in dieser Fazies fehlen. Häufig ist Lignit mit 
kleinen Fetzen bis 10-15 mm Größe. 


Benthos 


Aufgrund mangelhafter Aufschlußverhältnisse — die mei- 
sten Horizonte der Mudstones stehen im Gezeitenbereich an 
- gibt es nur spärliche Hinweise auf die Makrofauna. Die Ar- 
mut an Biogenen im Schliffbereich läßt jedoch auf eine auch 
insgesamt geringe Fossildichte schließen. In den Bänken un- 
terhalb des Forts von Consolagäo finden sich bisweilen Tri- 
chites saussurei mit aufgewachsenen Nanogyra nana-Kolo- 
nien, daneben epibenthonisch-byssate Bivalven (A rcomytilus 
morrisi, Hinnites sp. und Camptonectes sp.). 


Ichnofauna 


Im Gegensatz zu den knolligen Biomikriten ist die Biotur- 
bation von grabenden Organismen weniger stark entwickelt. 
Es handelt sich meist um Thalassınoides (1 cm Durchmes- 
ser). Gelegentlich sind 2-3 mm breite, bis zu 15 mm lange 
?Polychaetengänge zu beobachten. Im Schliffbereich sind 
diese Gänge mit Mikrit oder Mikrosparit verfüllt und können 
Pyrit- bzw. Eisenoxidkügelchen mit einem Durchmesser von 
8-12u enthalten. 


Diskussion 


Die gleichmäßige Feinkörnigkeit des Sediments und die 
Armut an größeren Komponenten deutet auf ein sehr ruhiges, 
geschütztes Ablagerungsmilieu hin. Besonders die konkav- 
oben liegenden Bivalvenschalen setzen ein Milieu mit fehlen- 
der oder nur schwacher Bodenströmung voraus. Als Ursache 
für diese strömungs-instabile Lagerung der Schalen sind Ak- 
tivitäten grabender und wühlender Organismen zu sehen, die 
bei der Nahrungssuche die Schalen umkippten (CLirron 
1971). 


Die siltigen Mikrite führen von allen karbonatisch gebun- 
denen feinklastischen Gesteinen des Profils den niedrigsten 
Biogenanteil und waren offensichtlich ein ungünstiger Biotop 
für Makrobenthos. Ein Grund hierfür dürften die Substrat- 
eigenschaften sein. Die wenigen Faunenelemente (Trichites 
saussurei, Arcomytilus morrisi, Camptonectes sp.) sind cha- 
rakteristisch für wenig verfestigte Sedimente (vgl. knollige 
Biomikrite), die von Codiaceen bevorzugt werden (Wray 
1977), von typischen Endo- und Epibenthonten dagegen eher 
gemieden werden. Rezente Codiaceen sind auf Meeresregio- 
nen mit normalen Salzgehalten beschränkt (WrAv 1977). Sie 
lassen auch für die Mikrite von Consolagäo euhaline Salini- 
tätswerte vermuten. Wie in allen Biotopen mit geringer Was- 
serströmung dürfte der Austausch an Sauerstoff nicht optimal 
gewesen sein. Bioturbation sowie die wenigen Bivalven wei- 
sen allerdings auf ein ausreichendes Angebot hin. 


Zusammenfassend sind die siltigen biogenarmen Mikrite 
als Ablagerungen eines geschützten, flachen, aber unterhalb 
der Wellenbeeinflussung gelegenen Biotops einer Bucht oder 
Lagune mit normalmariner Salinität zu bezeichnen. 


2.1.2 Knollenmergelkalke/knollige Biomikrite 


Die Fazies bestimmt unmittelbar unterhalb des Fort von 
Consolagäo den Charakter des Profils. Es liegen zahlreiche 
grau bis graubraun verwitternde, 10-30 cm mächtige Mergel- 
kalkbänke mit dünnen Mergelzwischenlagen (10-15 cm) vor. 
Die Ober- und Unterseiten der Bänke zeigen die typische 
knollige bis wellige Ausbildung (Taf. 2, Abb. 1, 2). 


Mikrofazies 

Die knolligen Mergelkalke besitzen ähnliche mikrofazielle 
Merkmale wie die siltigen Biomikrite ohne ausgeprägte Bio- 
turbation. Tonige und siltige Mud- und Wackestones über- 
wiegen. Stellenweise nımmt der Quarz- und Kalzitdetritus 
über 50% ein, so daß ein kalkig gebundener Siltstein vorliegt. 


Die Fauna besteht aus lituoliden Foraminiferen, Ostrako- 
den und Molluskenschill. Die Mikroflora ist gegenüber den 
siltigen, biogenarmen Mikriten stark verarmt und nur durch 
wenige Dasycladaceen-Reste und Cyanophyceen-Umkru- 
stungen (z. T. Girvanella minuta) belegt. 


An Klastika sind Quarz, daneben Biotit und andere 
Schichtminerale, selten Feldspäte und Schwerminerale vor- 
handen. Die Quarze, meist eckig bis keilförmig ausgebildet, 
erreichen 50-60 u im Durchmesser, gelegentlich auch 
300-500 u. Pyrit- bzw. Eisenoxidkügelchen von 5u Durch- 
messer (Einzelkügelchen) bis 100 u (Agglomerat) sind bevor- 
zugt im Bereich von Fossilien, insbesondere Foraminiferen- 
gehäusen angereichert. Partienweise enthält das Gestein 
Pflanzendetritus von 10-200 u Größe. Pellets treten in unter- 
schiedlicher Häufigkeit, und zwar meist in Grabgangfüllun- 
gen auf. Aufgrund der Größe (20-35 u) und der guten Run- 
dung sind sie in Verbindung mit der hohen Bioturbationsrate 
als Kotpillen grabender Organismen zu betrachten. 


Ichnofauna 


Das Gestein ist durchsetzt von einer Vielzahl an Grabgän- 
gen. Meist handelt es sich um horizontale und schräg verlau- 
fende, netzartig verzweigte Grabgänge von Thalassinoides cf. 


suevicus, die zwei Größenordnungen (1,0 bis 2,7 cm und 
4 cm Durchmesser) erkennen lassen. Daneben kommen hori- 
zontale Spreitenbauten von Rhizocorallium irregulare vor. 
Außerdem fallen kleine, 1,5 bis 3 mm breite Gänge auf, in de- 
nen Bioklasten und Quarzkörner schalenartig angelagert 
sind. 


Die Gänge sind diagenetisch stärker verkalkt als die weni- 
ger von der Bioturbation betroffenen Sedimentpartien und 
verwittern deshalb langsamer als diese. Die rundlichgebogene 
Form der Grabgänge führt hierbei zur typischen wellig-unre- 
gelmäßigen Oberfläche der Knollenkalke. Die erhöhte Kalk- 
bildung in den Gängen geht auf organische Substanzen zu- 
rück, die von den grabenden Organismen in einer Schleim- 
schicht an der Tunnelwand ausgeschieden werden und als 
Keim für die Karbonatausfällung dienen (FürsıcH 1973). Ab- 
gesehen davon, daß die Komponenten in den Gängen dichter 
gepackt sind, unterscheiden sich Gestein und Gangfüllung 
nicht. Die Bioturbation erfolgte somit unter gleichen oder 
zumindest ähnlichen Bedingungen wie die Ablagerung des 
mikritisch-tonigen Schlamms. 


Benthos 


Die Bänke enthalten eine mäßig diverse Faunengemein- 
schaft, die von der dickschaligen Pinna-Verwandten Trichites 
saussurei und der meist auf ihr aufwachsenden Auster Nano- 
gyra nana dominiert wird (Tab. 7, Abb. 16). Der Rest der 
Fauna besteht aus einigen epibyssaten und infaunalen Mu- 
scheln, semi-infaunalen Gastropoden (Ampullina, Aporrba- 
is) und vereinzelten Korallen (Zpistreptophyllum, Calamose- 
ris). Die relativ geringe Diversität (D = 4,4, Abb. 21), die bei 
den meisten Faunenassoziationen in Zusammenhang mit 
verminderter Salinität steht, dürfte bei der Trichites-Nanogy- 
ra- Assoziation nicht durch Änderungen des Salzgehaltes ver- 
ursacht worden sein, wie die Korallen anzeigen. Die semi-in- 
faunale Lebensweise der ähnlich den rezenten Pinnen im Se- 
diment halb eingegraben lebenden Trichites-Art spiegelt 
einen Substrattyp wider, der zur Zeit der Faunenbesiedlung 
hinsichtlich des Stabilitätsgrades und der Konsistenz eine 
Zwischenstellung zwischen wassergesättigten Weichböden 
und bereits leicht kompaktierten Festböden einnimmt. Für 
typische Weichbodenbewohner (Endobenthos) sind derar- 
tige Böden bereits zu fest, für Epibenthonten i.d.R. dagegen 
noch zu instabil. Die geringe Diversität dürfte deshalb vor- 
wiegend auf die Substrateigenschaften zurückzuführen sein. 
Ein negativer Einfluß auf die Besiedlung ist auch in der Aktı- 
vität der grabenden Organismen zu vermuten. 


Diskussion 


Die Bildung von Knollenkalken wird häufig auf postsedi- 
mentäre Prozesse wie Subsolution und Kompaktaktion zu- 
rückgeführt (z. B. Perrıjonn 1975, S. 379; WOBBER 1967). 
Nur in wenigen Beispielen wird Bioturbation als Hauptursa- 
che genannt (z. B. Fürsıch et al. 1980). Für eine derartige 
primär sedimentär-biogen-bedingte Entstehung der Conso- 
lacäo-Knollenmergelkalke spricht nicht nur die Erhaltung der 
Grabgänge. Auch die unterschiedliche Faunenzusammensert- 
zung ın den Knollenkalkbänken und den zwischengeschalte- 
ten Mergeln belegt eine primäre, sedimentations- und bio- 
gen-bedingte Entstehung der knolligen Struktur. Die Mergel- 
lagen zwischen den Mergelkalkbänken führen eine Faunen- 
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gemeinschaft, die fast ausschließlich aus infaunalen Bivalven 
der Corbulomima suprajurensis-Mesosaccella dammariensis- 
Assoziation besteht und Phasen höherer Zufuhr feinklasti- 
schen Materials sowie geringerer Sedimentstabilität anzeigen. 
Trichites saussurei und epibenthonische Organismen finden 
sich selten in den Mergeln. In einigen Fällen ist eine Ver- 
mischung von Mergel- und Mergelkalkfauna aufgrund bio- 
turbativer Vermischung festzustellen. 


In der hohen Bioturbationsrate drücken sich zweifelsohne 
optimale Lebensbedingungen für die Verursacher der Thalas- 
sinoides- und Rhizocorallium-Spuren aus. In Spurentyp und 
Bioturbationsrate ist die Fazies am ehesten mit Gangsystemen 
von Alpheus crassimanus in tropischen Flachwasserbereichen 
zu vergleichen. Der Crustacee durchgräbt siltige Schlämme 
flacher geschützter Lagunenflächen, wobei je nach der Dicke 
des vorhandenen Schlammbodens mehr vertikale oder hori- 
zontale Gänge entstehen (Farrow 1971). Die charakteristi- 
schen Milieueigenschaften sind die geringe Sedimentations- 
rate und geringe Wasserenergie. Beide Bedingungen sind ın 
den Knollenkalken mit einer siltig-mikritischen Matrix und 
der Erhaltung der Trichites-Individuen in Lebendstellung be- 
legt. Auch Rhizocorallinm irregulare gilt als Anzeiger 
niedrigenergetischer Biotope (FürsıcH 1975). 


Alpheus crassimanus errichtet seine Gangsysteme in inter- 
tidalem und flach subtidalem Milieu. Für die Entstehung der 
knolligen Mergelkalke von Consolagäo ist eine etwas größere 
Wassertiefe von 5 bis 20 m zu vermuten, da weder ın den 
Knollenkalken noch in den benachbarten Profilabschnitten 
Hinweise auf Welleneinfluß oder Sturmereignisse überliefert 
sind. 


Knollige Kalke sind im Lusitanischen Becken weitverbrei- 
tet und bilden charakteristische Abschnitte in oberjurassi- 
schen und kretazischen Profilen (RamALHo 1971, FÜRSICH et 
al. 1980, Rey 1972). Nähere Untersuchungen liegen von den 
Knollenkalken des Profils am Cabo Espichel W Setubal vor, 
die dem Oberkimmeridge und Portland angehören (Fürsıch 
et al. 1980). Ein Vergleich mit den etwas älteren Consola- 
sao-Kalken ergibt große Ähnlichkeiten in Spurenvergesell- 
schaftung (Thalassinoides, Rhizocorallium), Makrobenthos 
(Trichites saussurei- Assoziation) und eingeschränkt der 
Mikrofazies. Im Unterschied zur Serie am Cabo Espichel 
konnten in Consolagao Ooid-führende Pack- und Grainsto- 
nes, die einen höheren Energieindex anzeigen, nicht beobach- 
tet werden. Auch sind Milioliden als Anzeiger für Salinitäts- 
schwankungen und Landnähe in den vorliegenden Kalken 
äußerst selten. Dagegen fällt der terrigene Einfluß in Conso- 
lagäo mit feinem Quarzdetritus weitaus bedeutender aus. Die 
Knollenkalke von Consolagäo dürften wohl in etwas größerer 
Wassertiefe abgelagert worden sein als ihre Äquivalente am 
Cabo Espichel, in denen Saurierspuren intertidale Verhält- 
nisse andeuten. 


2.1.3 „Calamophyllia“ -Biomikrite 


Die 10 bis 25 cm dicken Bänke dieser Fazies bestehen zu 
einem wesentlichen Teil aus mehr oder weniger dicht neben- 
einander stehenden Korallenstöcken einer dendroid-phace- 
loiden ‚, Calamophyllia“-Art. Gegenüber den anderen Litho- 
fazies enthält das Gestein nur wenig Ton- und Siltbeimen- 
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gungen, so daß das Gestein vergleichsweise hart ist und die 
kalzifizierten Korallenreste nur geringfügig auswittern. Eine 
genaue Bestimmung der in Wuchsform und Astdurchmesser 
stark variierenden Korallenart ist deshalb nicht möglich (vgl. 
S.36). Die Korallen bilden einen zusammenhängenden Ra- 
sen, der nur stellenweise durch fossilärmere Bereiche unter- 
brochen wird. In Korallenrasen mit dicht nebeneinander ste- 
henden Stöcken besitzen diese meist eine einheitliche Höhe, 
in weniger dichten Rasen schwankt dagegen die Stockgröße. 
Die Bankmächtigkeit entspricht meist der Korallenstock- 
höhe. Bei 52 m liegen in einem 2,50 m mächtigen Komplex je 
10 bis 20 cm dicke Rasen bandartıg übereinander, getrennt 
nur durch dünne, wellig verlaufende Mergelfugen. 


Die Korallen liegen durchwegs in Lebendstellung vor. Ein 
Aufwachsen der dendroiden Korallen auf anderen Stöcken ist 
auch bei den dicht übereinander liegenden Rasen nicht zu be- 
obachten. 


Mikrofazies 


Das Sediment zwischen den Ästen der dendroiden Korallen 
und in den Hohlräumen zwischen den Korallenstöcken ist als 
leicht tonig-siltiger Biomikrit oder Biomikrosparit entwickelt 
(Taf. 11, Abb. 3). Der Anteil an Biogenen sowie deren Korn- 
größe variiert (Mudstone bis Wackestone, seltener Float- 
stone). Typische biogene Komponenten sind Foraminiferen 
(Pseudocyclammina parvula, Alveosepta jaccardi, Lenticu- 
lina sp.), Echinodermenreste und in den Korallenrasen nahe 
der Profilbasis auch Schwammrhaxen und -nadeln. Daneben 
treten Schalenreste von Bivalven und punctaten Brachiopo- 
den auf, gelegentlich von hochgewundenen Gastropoden. 
Weitere Organismen sind Serpula-Röhren, Marınella sp., 
Cayeuxia cf. piae, Dasycladaceen-Detritus, Korallen- 
Schutt. Die Komponenten liegen überwiegend in fragmentä- 
rem Zustand mit teilweise erkennbarer Rundung vor. 


Häufig sind die Bioklasten von sedimentbindenden 
Cyanophyceen (?Girvanella) umkrustet, wobei auch das 
Stadium von Onkoiden erreicht wird. Von der Umkrustung 
ausgenommen bleiben meist die Äste der ‚‚Calamophyllia“- 
Stöcke. Die Molluskenschalen zeigen meist eine randliche 
Mikritisierung, gelegentlich verlaufen von der Oberfläche 
keulenförmige Bohrgänge von 0,250 mm Länge und 
0,09 mm Durchmesser in das Schaleninnere. 


Größere Komponenten (Korallen, Onkoide) können von 
lithophagen Bivalven angebohrt sein. Die Lithophaga-Bohr- 
gänge sind mit Mikrit oder Sparit verfüllt, der z. T. durch 
Kornvergröberung aus Mikrit hervorgegangen ist (Taf. 11, 


Abb. 6). 


Als Bewuchsorganismen treten Cycloserpula sp., sessile 
Foraminiferen und Bryozoen (cf. Plagioecia) auf. Von Be- 
wuchs betroffen sind Korallen, größere Bioklasten und Rin- 
denkörner. Echinodermenreste und Marinella sp. A sind in 
dieser Fazies nur selten umkrustet, was auf geringen Trans- 
port und eine Entwicklung in der Nähe des Korallenrasens 
hinweist. 


Der Anteil an abiogenen Elementen in der Matrix be- 
schränkt sich weitgehend auf strukturlose Peloide mit 
Durchmesser von 20 bis 100 u, seltener 300 u. Sortierung 
fehlt, während der Rundungsgrad der Peloide unterschiedlich 
fortgeschritten ist. Peloide bis 60 u besitzen ı. d. R. kugelige 


bis ellipsoidale Form, größere Peloide sind kaum gerundet. In 
Verbindung mit den im Gestein vorhandenen Rindenkör- 
nern, die bei weitergehender Mikritisierung Übergänge zu 
Bahamit-Peloiden (BatHurst 1971, S. 389, Fruceı 1978, 
S. 107) zeigen, ist eine Entstehung der Peloide durch Algen- 
tätigkeit wahrscheinlich. In einem Teil der kleineren, gut ge- 
rundeten Peloide mit ovalem Querschnitt sind auch Kotpillen 
zu vermuten. Ooide sind in dieser Fazies selten. Ihr Cortex 
liegt stets als mikritischer, strukturloser Saum um einen 
Quarzkern vor. Der Durchmesser erreicht 0,3-0,4 mm. 


Bezeichnend für die Korallenrasen an der Basis ist der ge- 
genüber anderen Fazies auffällig geringe Gehalt an Quarz- 
detritus. Vereinzelt finden sich splittrige oder schlecht gerun- 
dete Körner im Feinsandbereich. In jüngeren Korallenrasen 
des Profils nimmt der Anteil an Quarz etwas zu, ohne jedoch 
an Bedeutung zu gewinnen. 


Die Feinkörnigkeit des Sediments und die fehlende Sortie- 
rung der Komponenten sprechen für ein insgesamt niedrig- 
energetisches Milieu. 


Benthos 


Die „Calamophyllia““-Stöcke beanspruchen weite Teile 
des Korallenrasens, so daß andere Makrobenthosorganismen 
nur in Abschnitten geringerer Stockdichte anzutreffen sind. 
Die geringdiverse Begleitfauna besteht aus einigen weiteren 
Korallen (Actinastrea furcata, Stylina sp., Ovalastrea caryo- 
phylloides ), einigen Echinodermaten (mehrere Stacheltypen) 
und dem Gastropoden Metriomphalus clathratus. Zu den ty- 
pischen Begleitern dieser Fazies zählen die in anderen Bio- 
fazies seltenen Brachiopoden (,, Terebratula‘‘ sp., ‚, Terebra- 
tula““ cf. bischiedensis ). Sie dürften als charakteristische Ni- 
schen-Organismen (FürsicH et al. 1980) Bereiche innerhalb 
der ‚„„Calamophyllia“‘-Stöcke bewohnt haben. Bivalven sind 
nur mit wenigen fest aufwachsenden Austern (Liostrea sp., 
Exogyra sp.) und infaunalen Formen (Corbulomima supra- 
jurensis, Ceratomya excentrica ) vertreten. Auch bei kleineren 
Bewuchsorganismen (Cycloserpula sp., Plagioecia sp.) ist die 
generell geringe Faunendiversität deutlich spürbar. 


Diskussion 


Der Faziestyp besitzt sowohl hinsichtlich der Lithofazies 
als auch der Biofazies eigenständige Merkmale. Von den silti- 
gen und knolligen Biomikriten unterscheidet er sich vor allem 
durch geringere Silt- und Tonanteile sowie durch ein abwei- 
chendes Faunenspektrum; von den anderen Korallenbio- 
stromen hebt er sich durch die Armut an abiogenen klasti- 
schen Beimengungen und einer spürbaren Verarmung an 
Faunenelementen ab. Über die ehemalige Verbreitung und 
Ausdehnung der Rasenfazies läßt die maximale Ausstrich- 
breite von 30 Metern keine Rückschlüsse zu. Die gleichblei- 
bende Mächtigkeit aller Bänke im unteren Profilabschnitt 
deutet allerdings eine größere Verbreitung der Fazies an. 


Die Dominanz von ‚„‚Calamophyllia“ sp. beruht auf den 
für die Koralle optimalen Substrat- und sonstigen Milieu- 
bedingungen. Die dendroid-phaceloide Wuchsform der 
‚„‚Calamophyllia“‘-Art, die durch eine schmale Basis und 
mehr oder weniger große Abstände zwischen den einzelnen 
Ästen gekennzeichnet ist, ist ein typischer Anzeiger für Ru- 
hig-Wasser-Biotope in größeren Wassertiefen oder 
Flachwasserlagunen (VAUGHAN & Weis 1943, GEYER 1954, 


Wıjsman-Best 1974). Ein derartiges energiearmes Milieu ist 
auch aus der feinkörnigen Matrix und dem Fehlen faziesfrem- 
der Fossilien abzulesen. Brachiopoden, die innerhalb der 
Consolagäo-Schichten nur in dieser Fazies größere Bedeu- 
tung erreichen, bevorzugen ebenfalls eher ruhige Biotope 
(Dopp & Stanton 1981). Die Fragmentierung und gelegentli- 
che Abrollung der Biogene geht auf Phasen erhöhter Wasser- 
bewegung zurück. Eine periodische Wiederkehr derartiger 
höherenergetischer Phasen, verbunden mit einer Zufuhr ter- 
rigenen Materials, könnte auch das Absterben der Korallenra- 
sen innerhalb des 2,50 m mächtigen Komplexes bei 52 m ver- 
ursacht haben. 


Als einzige Consolagäo-Fazies enthalten die ‚‚Calamo- 
phyllia“‘-Rasen an der Profilbasis Schwammnadeln und -rha- 
xen in geringer Konzentration. Sie deuten normalerweise auf 
größere Wassertiefen hin (Dopp & Stanton 1981). Die be- 
gleitenden Organismen (lituolide Foraminiferen, hermatypi- 
sche Korallen) sowie die eindeutig als Flachwasser-, z. T. 
Lagunensedimente erkennbaren Fazies im unteren Profilab- 
schnitt sprechen jedoch auch bei den Korallenrasen für La- 
gunenverhältnisse mit geringer Wasserbedeckung. 


Die Fauna weist gegenüber den anderen Korallen- und den 
meisten Bivalvengemeinschaften eine spürbare Artenverar- 
mung auf, deren Ursache nicht erkennbar ist. Eine Ein- 
schränkung der Artenzahl ist sicherlich durch die flächendek- 
kende Ausdehnung der Korallen gegeben. Andererseits fällt 
auf, daß auch die Diversität und Individuenzahl der Gruppe 
der kleinen, auf Hartsubstraten fest aufwachsenden Orga- 
nismen (Bryozoen, Serpeln) niedrig ist, obwohl in den Koral- 
lenästen ausreichend Hartsubstrate zur Verfügung standen. 


Die ‚‚Calamophyllia“-Rasen sind insgesamt als Bildungen 
ruhiger geschützter Lagunenbereiche zu betrachten, die nur 
geringfügig von terrigenen Klastika beeinflußt waren und 
ständig normalmarine Salinität aufwiesen. 


2.2 FORAMINIFEREN-BIOSPARIT 


Dieser Faziestyp erscheint an der Profilbasis mit 15-20 cm 
mächtigen dunkelgrauen Bänken. Er enthält eine gering di- 
verse Benthosgemeinschaft. Gelegentlich finden sich größere 
Holzreste (4-12 cm?), selten Onkoide (Durchmesser bis 
1 cm). 


Mikrofazies 


Die Matrix ist sparitisch mit schwankender Granular- 
Größe von 30-50 u. Gelegentlich befinden sich in Zwickeln 
zwischen den Kalzitkristallen oder Biogenen Reste von Mi- 
krit. Der biogene Anteil besteht überwiegend aus lituoliden 
Foraminiferen, vor allem Alveosepta jaccardı (Taf. 11, 
Abb. 1). Seltener sind Pseudocyclammina parvnla, Nautilo- 
culina oolıthıca und Lenticulina sp. Einige Lituoliden enthal- 
ten in der Gehäusewand eingebaut Detritus von Mollusken- 
schalen, Marinella lugeoni, Schwammrhaxen und selten auch 
Ooide. Die Foraminiferen sind teilweise zerbrochen 
und/oder von dünnen Algen-Säumen (Girvanella minuta ) 
umgeben. An weiteren Komponenten sind Echinodermen- 
reste (z. T. randlich aufgelöst), gerundete Molluskenschalen 
(Kern sparitisiert) und die Rotalge Marinella lugeoni zu be- 
obachten. Die Bioklasten sind ı.d. R. randlich mikritisiert 
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und mit mechanisch-chemisch angelagerten Mikritsäumen 
versehen, in denen bisweilen noch Schläuche von Girvanella 
minuta erhalten sind. Die Mikritrinden sind infolge Umlage- 
rung teilweise wieder abradiert worden. 


Der Biogenanteil am Gesamtvolumen variiert innerhalb der 
einzelnen Bänke. Er liegt im Durchschnitt bei 40%. Dabei 
stützen sich die Komponenten meist gegenseitig ab, so daß ein 
grain-supported Gefüge entsteht. Die Foraminiferen nehmen 
gelegentlich eine dachziegelartige Lagerung ein. 


Benthos 


Die Makrofauna verteilt sich in unterschiedlicher Dichte im 
Gestein. Sie besteht vorwiegend aus Bivalven und Korallen: 
Exogyra/Nanogyra (h), Pteroperna sp. (h), Pteroperna sp. 
M (g), Arcomytilus morrisi (s), Inoperna perplicata (s), Plica- 
tula sp. (g), Nicaniella sp. B (s), Camptonectes sp. (g), Rhı- 
pidogyra costata (h), Comoseris sp. (s), Epistreptophyllum 
sp. (h), Microphyllia undans (g), ‚‚Calamophyllia“ sp. (g). 


Ferner kommen vor: Serpula sp., Serpula lumbricalıs, Pla- 
gloecia Sp. 

Die Fauna setzt sich sowohl aus endobenthonischen (Ni- 
caniella, Inoperna) wie epibenthonischen Formen (Exogy- 
ra/Nanogyra, Arcomytilus, Pteroperna, Camptonectes und 
Korallen) zusammen, die ı. d. R. verschieden stark verfe- 
stigte Substrate besiedeln. Sämtliche Faunenelemente sind in 
statistisch ermittelten Assoziationen enthalten. Eine Zuord- 
nung zu einer bestimmten Assoziation ist aufgrund der gerin- 
gen Faunendichte jedoch nicht möglich. Die Bivalven liegen 
teilweise bruchstückhaft oder zumindest in disartikuliertem 
Zustand vor, was auf Umlagerung infolge erhöhter Wasser- 
bewegung zurückzuführen ist. Als autochthone Elemente 
sind aufgrund der Erhaltung die Korallen zu betrachten. In- 
situ-Erhaltung ist allerdings selten. Das Korallenspektrum 
entspricht dem der Korallenbiostrome, lediglich Rhipidogyra 
costata tritt in dieser Fazies häufiger auf als in den Biostro- 
men. Die Korallen belegen eine insgesamt geringe Wasser- 
tiefe. Insbesondere Comoseris und Microphyllia sind hin- 
sichtlich des Septalapparates als hochintegrierte Formen 
(sensu CoATEs & OLiveEr 1973) zu bezeichnen, für die eine 
Symbiose mit Photosynthese betreibenden Algen und damit 
ein Aufenthalt in der photischen Zone sehr wahrscheinlich 
ist. 


Ichnofauna 


Im unteren Teil der Bänke sind Thalassinoıdes- Gänge mit 
Durchmesser von 1-2 cm, seltener 4 cm entwickelt. Im 
Schliffbereich finden sich Gänge im mm-Bereich. 


Diskussion 


Die Auswaschung des feinkörnigen Bindemittels, der hohe 
Fragmentations- und Abrollungsgrad der kleineren Biokla- 
sten sowie die Disartikulation und Bruch bei Mollusken las- 
sen eine Ablagerung in leicht bewegtem Wasser schließen. 
Von den dominierenden lituoliden Foraminiferen liegen 
sämtliche Erhaltungszustände zwischen vollständig, bruch- 
stückhaft und umkrustet vor, was eher auf eine Umlagerung 
und Abrollung innerhalb des Faziesraumes als auf eine Ein- 
schwemmung der Foraminiferen aus anderen Biotopen hin- 
deutet. Eine vergleichbare Konzentration lituolider Forami- 
niferen ist im Profil nur in den feinklastischen, karbonatisch 
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wenig gebundenen Silten und Mergeln zu beobachten. Es ist 
deshalb wahrscheinlich, daß die Foraminiferen-Biosparite auf 
Umlagerung und Auswaschung (,‚winnowing‘“) der nied- 
rig-energetischen Silte zurückgehen. Einige für die Weich- 
bodenfazies typische endobenthonische Bivalven dürften 
ebenfalls aus der Aufarbeitung der feinklastischen Silte her- 
vorgehen. Die ansonst vorherrschende Makrofauna aus epi- 
benthonischen Elementen zeigt an, daß die Phase erhöhter 
Wasserbewegung über längere Zeit andauerte und so eine 
vollentwickelte Epibenthosgemeinschaft auf stabilem Fest- 
grund etablieren ließ. 

Konstant höhere Wasserenergie ıst über längere Zeit nur in 
sehr flachem Gewässer unter Einfluß der Wellenbewegung 
möglich. Die Foraminiferen-Biosparite sind daher in küsten- 
nahen (Holzreste!), jedoch vor fluviatilem Einfluß weitge- 
hend geschützten (nur selten Quarzdetritus) Flachstwasser- 
bereichen anzusiedeln. 


2.3 SANDIGE MERGELKALKE 


Dieser Faziestyp tritt in allen Bereichen des marinen Profil- 
abschnitts auf (0-150 m), ist in den unteren 50 m allerdings 
selten. Kennzeichnend ist ein hoher Gehalt an mittel- und 
grobkörnigem Quarzdetritus (0,25 bis 1,00 mm Durchmes- 
ser, selten bis 5 mm). Der Anteil des Bindemittels bzw. der 
siltig, mikritisch oder sparitisch entwickelten Matrix variiert, 
wobei alle Übergänge von mud-supported zu grain-suppor- 
ted Anlagerungsgefügen festzustellen sind. Mit Mächtigkei- 
ten vom 30-120 cm und den aus den Bänken auswitternden 
Fossilien treten die Horizonte meist stärker in Erscheinung 
als die ebenfalls kalkig gebundenen feinklastischen, i. d. R. 
aber geringmächtigen siltigen Biomikrite. 


Mikrofazies 

Es dominiert eine siltig-mikritische Matrix mit meist regel- 
los darın schwimmenden Sandkörnern sowie Bioklasten aller 
Größenordnungen (Taf. 12, Abb. 1-3, 6; Taf. 10, Abb. 1). 
Häufig liegen Sandkörner und Biogene auch dichtgepackt 
und ergeben ein Rudstone-vergleichbares Gefüge. Mikrospa- 
rit als Bindemittel bildet die Ausnahme. Der Sandanteil setzt 
sich überwiegend aus kaum gerundetem Quarz, untergeord- 
net aus Feldspat und kleinen Glimmerblättchen zusammen. 
Akzessorien sind Epidot, Hornblende und einige Schwermi- 
neralien. An Biogenen finden sich ausschließlich Reste von 
Mollusken und Korallen, die auch in den Benthosgemein- 
schaften vertreten sind (s. u.). Mikritisierte Ooide und Gir- 
vanella-Onkoide sind vergleichsweise selten, Umkrustungen 
durch die Cyanophyceen jedoch regelmäßig vorhanden. 


Benthos 


Die Fazies zeichnet sich durch reiche Fossilführung aus. Es 
konnten folgende autochthone Faunen-Assoziationen ermit- 
telt werden: 


Korallenbiostrome (mit hoher Artendiversität) (Tab. 1) 
Pteroperna sp. M-Placophyllia minima-Ass. (Tab. 3) 
Isognomon Iusitanicus-Bakevelliide AB-Ass. (Tab. 4) 
Bakevelliide A-Ass. (Tab. 5) 
Bakevelliide AB-Plicatula virgulina- Ass. (Tab. 6) 


Nerinea sp. B-Ass. 
(Ausführliche Beschreibung in Abschnitt 3.) 


Neben den autochthonen, überwiegend aus Faunenele- 
menten des Ablagerungsbereiches bestehenden Assoziatio- 
nen finden sich häufig sogenannte Mixed Assemblages, die 
aus fazieseigenen und eingedrifteten, allochthonen Faunen- 
gliedern bestehen. Ein hoher Fragmentationsgrad und die he- 
terogene Zusammensetzung bezüglich ökologischer Ansprü- 
che der verschiedenen Arten weisen die Gesellschaften als 
transportbedingte Fossilkonzentrationen aus. Einen Großteil 
der Bioklasten umgeben Algenkrusten. Rückschlüsse auf 
ehemalige autochthone Assoziationen sind hier kaum mög- 
lich. 

Sämtliche Assoziationen zählen zu den Epibenthosgemein- 
schaften und setzen sich überwiegend aus Formen zusam- 
men, die einen stabilen Untergrund zur Besiedlung benöti- 
gen. Eine frühdiagenetische Hartgrundbildung kann ausge- 
schlossen werden, da sich Anbohrungen durch lithophage Bi- 
valven ausschließlich auf Bioklasten beschränken und nicht 
durch die Gesteinsmatrix verlaufen. 

Die geringe Verfestigung des Sediments spiegelt sich auch 
in der Wuchsform und -größe der Korallen wider. Ästig ver- 
zweigte „„Calamophyllia‘“-Stöcke, die nur mäßig bewegtes 
Wasser vertragen, und knollige Typen dominieren. Die 
Stöcke besitzen selten Durchmesser von mehr als 15 cm und 
scheinen mit ihrem Gewicht die Grenze der Substratfestigkeit 
erreicht zu haben. Kennzeichnend ist auch das Fehlen riffähn- 
licher Strukturen. 

Als Besiedlungsbasis dient den Korallen und den fixosessi- 
len Bivalven der reichlich vorhandene Schalenschutt. Insge- 
samt stellt die Fazies offensichtlich die besten Bedingungen 
für die Entfaltung der Pteraceen. Alle vier von Pteroperna, 
den Bakevelliiden und von /sognomon dominierten Pteria- 
ceen-Faunengemeinschaften bevorzugen die stark sandigen 
Mergel(-Kalk)-Fazies. 

Hinsichtlich des Artenspektrums und der Autökologie der 
Arten bestehen erhebliche Unterschiede zwischen den ein- 
zelnen Assoziationen. So sprechen die hochdiversen Koral- 
lenbiostrome für Biotope mit normaler Salinıtät, mäßig hoher 
Wasserbewegung und geringer Sedimentationsrate. Ein ins- 
gesamt geschützter Bereich des inneren Schelfs oder in einer 
größeren Bucht ist anzunehmen (s. 3.2.1). 


Die Pteriaceen-Faunen, insbesondere die Bake A-, Bake 
AB- und /sognomon lusitanicus- Assoziation weisen in ihrer 
Zusammensetzung und der allgemein niedrigen Diversität 
dagegen auf eine hohe Streßsituation hin, die vornehmlich in 
Salinitätsschwankungen und im Wechsel des Sedimentations- 
geschehens zu sehen ist. Küstennahe, z. T. unter fluviatilem 
Einfluß stehende Flachwassermilieus sind hier wahrschein- 


lich. 


Gesamtdiskussion 


Die stark sandigen Mergelkalke besitzen kaum lithologi- 
sche Merkmale, die bestimmte Ablagerungsbereiche charak- 
terisieren. Der hohe Anteil terrigener Klastika in siltiger Ma- 
trix läßt lediglich auf ein relativ küstennahes Biotop mit derar- 
tigen Wassertiefen schließen, in denen die feinklastige siltige 
Matrix vor Ausspülung durch den Wellengang (‚winnowing‘) 
geschützt ist. Grober Quarzdetritus deutet gelegentlich 
Sturmereignisse an. 


Die Mischung aus Ton, Silt und Sand geht offensichtlich 
auf eine bioturbative Durchmischung des Sediments zurück 


(Jonnson 1978), die die Zerstörung der ursprünglichen 
Korngrößenverteilung und sämtlicher primärer Schichtstruk - 
turen zur Folge hatte. Die Durchmischung schließt somit 
Phasen stärkerer Wasserenergie nicht aus, die sich auch in der 
hohen Fragmentationsrate und den Mixed Assemblages be- 
merkbar machen. 


Die kontinuierliche Entwicklung der sandigen Mergelkalke 
aus Prodelta- und Innenschelfsilten läßt größere Flächen mit 
sandigen Schlämmen oder etwas exponierte Barren vermuten. 
In ihrer Vielfalt belegen die Faunengemeinschaften eine weite 
Verbreitung dieser Lithofazies von deltanahen Küstenberei- 
chen zu terrigen beeinflußten Bereichen des inneren Schelfs. 


2.4 OOID-MERGELKALKE 


Die Fazies erscheint vornehmlich zwischen 85 m und 
110 m mit 30 bis 45 cm mächtigen, braungrauen, fossilrei- 
chen Mergelkalken. Die Bänke schalten sich Silten ein, aus 
denen sie durch Kornvergröberung und Zunahme der Kom- 
ponenten kontinuierlich hervorgehen (Taf. 5, Abb. 1). Teil- 
weise führen sie massenhaft Kleinonkoide, die bei selektiver 
Verwitterung deutlich hervortreten. Gradierung und Schich- 
tung sind i. d. R. durch Bioturbation (Thalassinoides ) ver- 
wischt, gelegentlich zeigen Schichtblätter noch erhaltener 
Schrägschichtungskörper ein Süd-Einfallen. 


Mikrofazies 


Es liegen durchweg schlecht sortierte tonıg-sandige Bio- 
Onko-Oomikrite und -sparite mit grain-, seltener auch 
mud-supported-Anlagerungsgefüge vor (Taf. 12, Abb. 5). 
Mikrit und feinkörniger Sparit wechseln sich als Matrix im 
Gestein ab, die Verteilung scheint dabei wesentlich durch 
Bioturbation beeinflußt zu sein. Korngrößenübergänge von 
mikritischen zu sparitischen Bereichen machen z. T. eine 
Entstehung des Sparits durch Rekristallisation aus Mikrit 
wahrscheinlich. 


Hauptkomponenten sind rundliche bis ellipsoidale Nor- 
malooide (Früceı 1978) mit Durchmessern bis 0,25 mm, sel- 
ten auch bis 0,50 mm. Ihren Kern bildet hauptsächlich ecki- 
ger, schlecht sortierter Quarzdetritus, der auch ohne Umkru- 
stung in der Matrix häufig ist. Die Rinden zeigen einen unter- 
schiedlich intensiv gefärbten Schalenaufbau mit deutlichen 
Radialstrukturen, die auf ein nicht allzu stark bewegtes Bil- 
dungsmilieu (Frücer 1978) hinweisen. Bisweilen sind die 
Rindenstrukturen infolge Mikritisierung durch Cyanophyten 
nur schwach zu erkennen. Das Verhältnis von Rinden- zu 
Kern-Anteil variiert und entspricht der insgesamt geringen 
Sortierung aller Komponenten. Weitere Komponenten sind 
kleine Girvanella-Onkoide, Rindenkörner, Marinella luge- 
oni (häufig als Kern der Onkoide), + gerundete Peloide (mi- 
kritisierte Bioklasten), Echinodermenreste, kleine Lignitfet- 
zen und Mikroproblematikum 4 (vgl. Taf. 16, Abb. 1-5). 


Benthos 


Ein hoher Fossilgehalt weist die meisten Horizonte als Fos- 
sil-(Schutt-)Bänke aus. Bestimmt wurden: 


Epibenthonische Bivalven (byssat-angeheftet und fest- 
zementiert); Bakevelliide AB (h-sh), /sognomon Ilusitanicus 
(8), Pteroperna sp. L (g), Pteroperna sp.M (g), ®Hinnites sp. 
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(g), Arcomytilus morrisi (g-h), Modiolus sp. (g), pectinide 
Biv. (s), Liostrea sp. (g), Anomia suprajurensis (g). 


Endobenthonische Bivalven: Myophorella muricata (g-h), 
Protocardia pesolina (g-h), Protocardia sp. P (s), Lucina 
portlandica (g), Nicaniella sp. (g), Thracia cf. incerta (s), cf. 
Isocyprina sp. (s), Eomiodon sp.A (g-h), Eomiodon securi- 
formis (s), neomiodontide Biv. (s), Myrene sp. (s), Corbu- 
lomima suprajurensis (g), Caestocorbula sp. (g), Plectomya 
subrugosa (s), Pholadomya constricta (s). 

Gastropoden: Nerinea sp.B (g-sh), Nerinea sp.C (s), Ne- 
ritina bicornis (g-h), Ampullina semitalis (g), Ampullina 
sp.A (g), Ampullospira sp. A. (g), Delphinula funata (s), Me- 
triomphalus sp.A (g), ‚„‚Alaria“ virgulina (g), Aporrhais ele- 
gans (s), Sequanıa sp.(g), Zygopleura sp.A (g), Acteonina 
acuta (s-h), Procerithium sp.A (s), P.sp.C (s), P.sp.D (g), 
Ceritella sp.(g), Ataphrus sp.aff. pupillus (s). 

Korallen (nur in einem Horizont): Thamnasteria gracilis 
(g), Latomeandra plicata (s), Ovalastrea sp. (g), Placophyl- 
ha minima (g-h), Axosmilia sp. (s). 

Die ausgeprägte Mischung von endo- und epibenthoni- 
schen Faunenelementen mit unterschiedlichen Biotopansprü- 
chen weist die Vergesellschaftung als Mixed Assemblage aus. 
Der hohe Fragmentationsgrad vieler Faunenelemente spricht 
dabei eher für eine Vermischung durch Transport als für eine 
Kondensation von Faunengemeinschaften (Fürsıch 1978). 
Als autochthone Elemente sind aufgrund der Häufigkeit und 
des Erhaltungszustands vor allem die epibenthonischen Pte- 
riaceen mit der dominierenden Bakevelliide AB zu sehen. 
Weiterhin zählen hierzu von den Endobenthonten Protocar- 
dia pesolina, die nur in dieser Fazies häufiger auftritt, sowie 
Myophorella muricata, die auch in anderen Profilabschnitten 
sandigere Biotope bevorzugt. Der Rest des Endobenthos 
setzt sich aus Formen zusammen, die für Prodeltasilt-Fazies 
(Corbulomima, Nicaniella, Protocardia sp.P) sowie La- 
gunen- und Deltamilieus (Neomiodon, Eomiodon, Myrene) 
typisch sind. Die Korallen (nur in einer Bank vorhanden) 
spiegeln als einzige stenohaline Formen Phasen mit normal- 
marinen Salzgehalten wider. Die Aktivität von Bohrorganis- 
men ist in den Bänken unterschiedlich stark ausgeprägt. Meist 
handelt es sich um Anbohrungen durch Lithophaga und 
Zapfella. Am Top der Ooid-Fazies folgen gelegentlich Neri- 
nea sp.B-Schille. 


Milieuinterpretation 


Die Ooid-Fazies ist charakterisiert durch einen hohen Ge- 
halt an Ooiden, der weitgehenden Erhaltung der ursprüng- 
lichen Radıalstruktur der Ooidrinden, zahlreiche Onkoide, 
eine mikritische und mikrosparitische Matrix, Quarzdetritus, 
sowie eine Mixed Assemblage mit betont epibenthonisch aus- 
gerichtetem (par-Jautochthonem Benthos. Sie unterscheidet 
sich damit von der bisweilen ähnlichen Onkoidfazies, ın de- 
ren tonig-siltigem Sediment Endobenthos dominiert und 
Ooıde seltener, und zwar stets mit mikritisierter Rinde vor- 
kommen. Ein bio- und lithofazieller Übergang deutet aller- 
dings eine Verbindung beider Fazies an. 


In der Fragmentation der Biogene, dem korngestützten 
Gefüge und der mikrosparitischen Matrix äußert sich ein 
deutlich höherer Energieindex als in der Onkoid-Fazies. Als 
Bildungsmilieu der Ooide ist deshalb ein exponierter Bereich, 
etwa eine Schwelle, anzunehmen. Ein ständig hochenergeti- 
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sches Milieu scheidet aber aufgrund der Reste mikritischer 
Matrix und des geringen Sortierungsgrades der Komponenten 
aus; auch weisen die Klasten einen zu niedrigen Rundungs- 
grad auf. 


Die Ooidbänke zählen nach den Sandsteinen zu den am 
stärksten terrigen beeinflußten Fazies des tieferen Profilab- 
schnitts. Die Einschwemmung normalmariner wie brak- 
kisch-lagunärer Mollusken läßt an eine Schwelle im äußeren 
Lagunenbereich denken. Die Fauna, insbesondere die Tätig- 
keit von Bohr- und Bewuchsorganismen, zeigt Phasen gerin- 
gerer Sedimentbewegung und -anlieferung an. 


2.5 ONKOID-MERGEL UND -MERGELKALKE 


Auf Cyanophyceen bzw. Cyanobakterien zurückgehende 
Umkrustungen von Biogenen und Gesteinsfragmenten sind 
in zahlreichen mergeligen und kalkigen Lithofazies anzutref- 
fen. Ihre häufige, gesteinsbildende Erscheinung in einigen 
Horizonten (z. B. 38 m, 47 m) rechtfertigt eine gesonderte 
Ausgliederung als Faziestyp. 

Es liegen siltig-tonige Mergel oder feinsandige siltige Mer- 
gelkalke von 10 bis 40 cm Mächtigkeit vor, in denen die On- 
koide und Bioklasten schwimmen oder dicht gedrängt lagern 
(Taf. 10, Abb. 3). Die Farbe der Gesteine ist hell- bis mittel- 
braun. Die schlämmbaren Mergel enthalten fast ausschließ- 
lich algenverkrustete Bioklasten, daneben lituolide Foramini- 
feren, etwas Quarz und Feldspat, jedoch keinen Glimmer. Sie 
unterscheiden sich damit deutlich von den glimmerführenden 
grauen bis graubraunen Silten und Mergeln der Prodeltafazies 
mit spürbarer Nähe einer Flußmündung. Bei den Silten wie 
bei den Mergelkalken sind primäre Schichtungsstrukturen 
durch Bioturbation (endobenthonische Mollusken, grabende 
Crustaceen (Thalassinoides )) zerstört. 


Mikrofazies 


Im Schliff erweisen sich die harten Gesteine als komponen- 
tenreiche, etwas feinsandige Siltsteine bis siltige Biomikrite 
(Taf. 12, Abb. 4) bzw. nach DunnHam (1962) und Emsry & 
Kıovan (1972) als mud-supported skeletal wackestones und 
floatstones. Sofern die ursprünglich mikritisch-siltige Matrix 
durch (Mikro-)Sparit ersetzt ist, handelt es sich um frühe 
Auswaschung und Konzentration noch nicht vollständig lı- 
thifizierter Onkoide durch kurzfristige sturmartige Ereignis- 
se. Die Onkoide und Biogene (Lituoliden) liegen hierbei dicht 
gepackt (Rudstone-Gefüge) und sind aufgrund ihres eigenen 
Gewichtes deformiert, an- und zerbrochen (Taf. 14, 
Abb. 1, 2). Die Onkoide sind darüber hinaus teilweise über 
Drucklösungs-Stylolithen ineinander verhakt (Taf. 14, 
Abb. 1-3). 

Hauptkomponenten sind die Onkoide. Ihre Größe erreicht 
0,2 mm bis ca. 4 cm, ım Durchschnitt I bis 2 cm. Größen- 
sortierung ist nur in sandigeren Horizonten angedeutet, an- 
sonsten verteilen sich die Onkoide regellos im Sediment. Ma- 
ximale Größe/Durchmesser beschränken sich auf die rein 
mergelige Fazies. Die Oberfläche der Onkoide ist unregel- 
mäßig wellig bis blumenkohlartig. Sämtliche Entwicklungs- 
stadien, ausgehend von einseitiger Krustenbildung über fort- 
schreitende Umkrustung zu vollständig umgreifenden Scha- 


len sind zu beobachten. Die Form richtet sich dabei weitge- 


hend nach der Gestalt des umkrusteten Bioklasten (Taf. 14, 
Abb. 4). Eine Beziehung zwischen Rundungsgrad und Ge- 
samtdurchmesser des Onkoids ist nicht gegeben. 


Als Kerne fungieren fast ausschließlich Biogene, selten sind 
bei Compound-Onkoiden (Früceı 1978) auch Sedimentpar- 
tikel bzw. Resedimente mit umschlossen. Kern-Biogene sind 
(in der Reihenfolge der Häufigkeit): Molluskenschalen, 
Echinodermen-Elemente, Marinella Iugeoni, Korallen (u. a. 
Calamopbhylliopsis), Mikroproblematikum 2, 
piae, lituolide Foraminiferen. Sämtliche Bioklasten sind auch 


Cayenxia 


ohne Krusten in der Matrix vorhanden und machen eine Bil- 
dung der Onkoide im gleichen Sedimentationsraum wahr- 
scheinlich. 


Die Kruste zeigt die für (Algen-)Onkoide übliche, un- 
regelmäßige Anlagerung von feinkörnigem Mikrit (FLüGen 
1978). Hauptbildner der Onkoide ist die Cyanophycee Gir- 
vanella minuta (Taf. 15, Abb. 3, 4), die auch im englischen 
und französischen Oberjura gesteinsbildend auftritt (WE- 
THERED 1890, DANGEARD 1935). Die Filamente (Durchmesser 
7u) sind knäuelartig auf den Schalen angeordnet. Die Erhal- 
tung der Filamente bleibt i. d. R. auf einzelne Onkoidlagen 
beschränkt, ein Teil der Onkoide ist darüber hinaus frei von 
bestimmbaren Algenstrukturen. Gelegentlich deuten gru- 
mose textures (PETTIJOHN 1975, DAHANAYAKE 1977) auf die 
Tätigkeit porostromater Algen hin, z. T. mag bei den Spa- 
rit-Fenstergefügen eine Rekristallisation der Girvanella-Fä- 
den vorliegen (Peryr 1980). Das Fehlen von Filamentstruktu- 
ren läßt sich am ehesten mit einer primären Nichtkalzifizie- 
rung der Algenscheiden als Folge äußerer Biotopeinflüsse er- 
klären (Rınıns 1977). Eine Zerstörung ehemals vorhandener 
Girvanella-Filamente durch Mikritisierung (WoLr 1965) 
dürfte hingegen ausscheiden, da keine Unterschiede der Mi- 
krit-Korngröße zwischen den Partien mit und ohne Girva- 
nella-Strukturen festzustellen sind. 


Neben Girvanella minnta beteiligen sich am Aufbau der 

Kruste (in der Reihenfolge der Häufigkeit): 

— Cayeuxia piae (Taf. 15, Abb. 1, 2) 

— Marinella lugeoni (Taf. 17, Abb. 4-6). Die bisher zu den 
Codıiaceen (BOLLIGER & Burrı 1970, BOUROULLEC & De- 
LOFFRE 1970, Rey 1972) oder Cyanophyceen (Masse 1979) 
gestellte Alge ist, wie bereits FLüceı (1979, S. 579) vermu- 
tet, aufgrund von Konzeptakel-Strukturen den Rotalgen 
zuzuordnen. 

— Bacinella irregularıs 

— Mikroproblematikum 7 (Taf. 15, Abb. 5, 6). Netzartiges 
Gewebe, Maschenweite bis 90 u, Durchmesser der Netz- 
fäden 8-12 u. 

— Mikroproblematikum 8 (Taf. 15, Abb. 8). Zur Onko- 
idrinde senkrecht stehende langprismatische Zellen, ® 
201, Zellen stehen ähnlich Bryozoen wabenartig neben- 
und übereinander. 

— Mikroproblematikum 9 (Taf. 18, Abb. 1-3). Schlauch- 
artige Gebilde von 0,15-0,40 mm Durchmesser mit unre- 
gelmäßig ineinander verschlungenen ?Zellen. „Zell- 
wand“-Dicke 7-9 u. 

— Girvanella sp.1, Filament-Durchmesser 14. 

- Girvanella sp. aff. duci, Filament-Durchmesser 20 u. 

— Serpula sp., teilweise in Lithophaga-Bohrgängen (Taf. 14, 
Abb. 5, 6) 


— sessile Foraminiferen 

— Mikroproblematikum 2 (Taf. 17, Abb. 7). ?Porifere 

— Mikroproblematikum 1 (Taf. 16, Abb. 7). Einzelne, häu- 
fig nebeneinander liegende halbmondförmige Kam- 
mern/Zellen. Wand perforiert, basale Aufwuchsfläche 
nicht perforiert; Länge 0,12 mm, Höhe 0,07 mm, Wand- 
dicke 14 u 

— Mikroproblematikum 4 (Taf. 16, Abb. 1-5, ?6). Zu einer 
Kette aneinander gereihte rundliche bis mehreckige Zellen, 
Zellwände bräunlichgelb, Wandstruktur lamellenartig, 
?zweiteilig, Wanddicke 12-20 u, Durchmesser der Zelle 
0,20-0,50 mm; von DanGrarp (1935, Taf. XI, Abb. 2) als 
Bryozoe bezeichnet; SENOWBARI-DARYAN (1980, „‚Proble- 
matikum 2‘) vermutet sessile Foraminifere oder Bryozoe. 


Ein Teil der Organismen ist daneben als Bioklast in die 
Schale eingebaut; hierzu zählen auch seltene Schwammnadeln 
und Dasycladaceen (Acicularta ). 


Zahlreiche Onkoide sind von lithophagen Bivalven 
(Taf. 14, Abb. 5, 6), Cyanophyten und Mikroproblemati- 
kum 10 (Taf. 16, Abb. 8-10) angebohrt. Bewuchs und Bohr- 
tätigkeit zeigen partielle Stillstandsphasen sowie beginnende 
Lithifikation in der Entwicklung der Onkoide an und weisen 
gleichzeitig auf eine niedrige Sedimentationsrate hin. Hierbei 
ıst festzuhalten, daß in einem Teil der Onkoıd-Horizonte 
keinerlei Anbohrung festgestellt werden kann, die Onkoide 
also unmittelbar nach ihrer Bildung und bereits vor ihrer Ver- 
härtung von Schlamm zugedeckt gewesen sein müssen. 


Von den im umgebenden Sediment verfügbaren Kompo- 
nenten wird lediglich Quarz nicht oder nur in sehr geringen 
Mengen in die Onkoidschale eingebaut, worauf bereits Fu 
GEL (1978) bei paläozoischen Exemplaren hinweist. PONcET & 
LAPPARENT (1975) führen die Armut an Quarz auf fehlende 
Nischen im Algengewebe zurück, die Quarzkörner aufneh- 
men könnten, bzw. auf eine nicht ausreichende Ausscheidung 
von Schleim zum Festkleben des Quarzes. Das Fehlen von 
Quarz in den Consolagäo-Onkoiden deutet darauf hin, daß 
zumindest ein Teil des Schalenmikrits biochemisch über die 
Cyanophyceen ausgefällt ist und nur Bioklasten eingebaut 
sind, die von den Cyanophyceen chemisch verarbeitet, d. h. 
mikritisiert werden können. 

Die Onkoide sind aufgrund ihrer Bildungsweise durch die 
Cyanophycee Girvanella minuta in ihrer Gesamtheit dem 
Typ der porostromaten Onkoide sensu Peryr (1981) einzu- 
reihen, auch wenn ein Teil durch das Fehlen von Algenstruk- 
turen per definitionem zu den spongiostromaten Onkoiden 
zu stellen wäre. Nach der morphologischen Klassifikation 
von Locan et al. (1964) bzw. RADWANSKI & SZULCZEWSKI 
(1966) entsprechen sie dem Typ € und untergeordnet Typ R. 


Neben den Onkoiden und den in ihnen eingeschlossenen 
Organismen treten im Gestein weitere Komponenten auf: 


- Ooide bis 0,25 mm Größe erscheinen vorwiegend in den 
sandigeren Partien. Tangential- und Radialstrukturen sind 
infolge Mikritisierung kaum sichtbar, eine Unterscheidung 
von kleinen Onkoiden ist deshalb oft nicht möglich. Selten 
sind superficial ooids (Fruceı 1978). Die Form der Ooide 
ist rundlich bis oval, gelegentlich herrscht Bruch vor und 
deutet Transport an; ihren Kern bilden meist Quarzkörner. 
Das Verhältnis von Kerndurchmesser zu Rindendicke ist 
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variabel, insgesamt läßt sich allerdings eine gute Sortierung 
hinsichtlich der Gesamtgröße der Ooide feststellen. 

— Peloide mit Durchmessern von 0,09 bıs 0,2 mm sind un- 
tergeordnet beteiligt. Es dürfte sich i. w. um einige von Cy- 
anophyceen mikritisierte Bioklasten handeln. Durch graue 
Farbtöne heben sie sich etwas von der bräunlichen Matrix 
ab. 


Benthos 


Die Silte enthalten reichlich Makrobenthos, und zwar vor- 
wiegend Bivalven, seltener Gastropoden und Korallen. In der 
Reihenfolge der Häufigkeit finden sich: Corbulomima supra- 
jurensis, Nicaniella (Trautscholdia) supracorallina, Ampul- 
lina sp., Arcomytilus sp., Camptonectes sp., Mesosaccella 
dammariensis, Protocardia intexta, Calamophylliopsis sp., 
Thracıa incerta, Cercomya striata, Nicaniella sp., Corbulo- 
mima buckmani, Arca ficalhoi, Arca crnciata, Pteroperna mı- 
nima, terebratulide Brachiopoden. 


Es handelt sich vorwiegend um Formen, die die Weich- 
bodengemeinschaften der Corbulomima-Mesosaccella- und 
Thracıia-Corbulomima-Assoziation aufbauen und in ihrer 
endobenthonischen Lebensweise an instabile und wenig ver- 
festigte Substrate angepaßt sind. Lediglich die ästig verzwei- 
genden Calamophylliopsis-Stöcke und die Brachiopoden als 
Bewohner von Hartsubstraten weichen hiervon ab; sie dürf- 
ten auf Schill oder verfestigten Onkoiden gesiedelt haben. 


Die stärker sandigen und die diagenetisch verfestigten Be- 
reiche, in denen die Onkoide mengenmäßig etwas zurücktre- 
ten, führen eine artenärmere Fauna aus meist epibyssaten Bi- 
valven; lokale Anreicherungen von Korallen (Calamophyllio- 
sis) deuten auf günstigere Bedingungen (niedrige Sedimenta- 
tionsrate, Verfestigung des Sediments) hin. Bestimmt wur- 
den: 


Calamoseris variabilis (h), Latomeandra plicata (g), 
Axosmilia crassa (g), terebratulide Brachiopode (s), Exogyra 
sp. (g), Ampullospira sp. A (s), Nerinea sp.C (s), Echino- 
dermen-Stachel (h), Modiolus imbricatus (g), Arcomytilus 
morrisi (g), Bakevelliide AB (g), Kalkschwämme (s), Serpula 
sp. (8). 

Die deutliche Korrelation von Epibenthos-Gemeinschaf- 
ten mit den sandigeren und stärker diagenetisch verfestigten 
Kalkmergeln bzw. dem Endobenthos mit den tonig-siltigen 
Mergeln weist auf eine frühdiagenetische Verfestigung der 
Kalkmergel hin. Die Brachiopoden und seltenen Kalk- 
schwämme sprechen in der klastikareicheren Fazies für etwas 
höhere Wasserbewegung und geringere Sedimentation fein- 
klastischen (siltigen) Detritus als in der Siltfazies. 


Mikrofauna 


Alveosepta jaccardi (sh; Taf. 18, Abb. 6, 7) und Everticy- 
clammina virguliana (g) dominieren bei den Foraminiferen, 
Cytherella suprajurassica (sh), Schuleridea sp. (g), Asciocy- 
there aff. sp. 2(h) und Cytheropteron sp. beı den Östrako- 
den. Die Fauna ist auch in den Prodeltasilten des besagten 
Profilabschnitts vorhanden. Die Ostrakoden-Zusammenset- 
zung deutet auf geringfügige Schwankungen der Salinität im 
Bereich des Euhalinikums und oberen Brachyhalinikums hin 
(vgl. BRENNER 1976). 


Diskussion 


Girvanella-Onkoide sind als gesteinsbildende Elemente 
paläozoischer und mesozoischer Serien häufig(z. B. Bowman 
1979, OsrHeEL 1977, Youngs 1977; WETHERED 1890, Dan- 
GEARD 1935, Peryr 1980) und dabei meist an mikritische Se- 
dimente gebunden, die eher niedrigenergetische Bereiche wi- 
derspiegeln. Dennoch werden für die Bildung des mehr oder 
weniger regelmäßigen Schalenbaus kontinuierlich hohe oder 
zumindest zeitweise wiederkehrende, erhöhte Wasserbewe- 
gungen gefordert (LoGan et al. 1964, Rapwanskı & SZULc- 
zEWSKI 1966, DaHANAYAKE 1977, Weiss 1969). In der Onkoid- 
fazies von Consolagäo fehlen Hinweise auf entsprechende 
Wasserenergien. Die feinklastisch tonig-siltige Sedimenta- 
tion, nur geringe Mengen an anorganischen Klastika im Mit- 
tel- und Grobsandbereich, ein kontinuierliches Größenspek- 
trum der Onkoide, sowie die charakteristische Weichboden- 
fauna sprechen insgesamt für ein ständig niedrigenergetisches 
Bildungsmilieu einer Lagune. Die in einem Fall beobachtete 
Auswaschung der ursprünglichen Matrix mit nachfolgender 
Deformation und Kollabierung der noch nicht vollständig li- 
thifizierten Cyanophyceen-Knödel stellt ein einmaliges 
(?Sturm-)Ereignis dar und spiegelt nicht die normalen Bio- 
topverhältnisse wider. 


In ihrer Entwicklung lassen sich die Onkoide sehr gut mit 
rezenten Cyanophyten-Pisolithen nordamerikanischer Süß- 
wasserseen vergleichen. Bei diesen bildet sich die Kruste in 
situ sowohl an der Ober- als auch an der Unterseite des Kerns 
(Jones & Wırkınson 1978), so daß ein Rollvorgang für die Er- 
zeugung der Schalen nicht erforderlich wird. Bei einer Lage- 
veränderung wären vor allem Onkoide des Typ I sensu Rap- 
WANSKI & SZULCZEWSKI (1966) zu erwarten, die jedoch im Con- 
solagäo-Profil nicht auftreten. 


Das Optimum der Cyanophyceen-Entwicklung liegt im 
Zentrum der Lagune, in dem die Onkoide das Maximum der 
Größe und Häufigkeit erreichen. In den zunehmend sandige- 
ren, zu einer Ooid-Quarz-Schwelle überleitenden Randbe- 
reichen nehmen Durchmesser und Häufigkeit dagegen ab. 


Trotz der günstigen Bedingungen für die Entwicklung der 
Cyanophyceen ist eine Bedeckung des gesamten Meeresbo- 
dens mit einem Algen-/Cyanophyceenfilm, der eine Bindung 
des Sediments zur Folge hätte und auch bei stärkerer Wasser- 
bewegung eine Abrasion verhindern würde (BAtHurst 1967), 
nicht sehr wahrscheinlich. Gegen einen derartigen Film spre- 
chen die flachgrabenden suspensionsfiltrierenden Bivalven, 
die gut durchlüftetes Bodenwasser und für ihre Siphonen 
freien Zugang zum Meeresboden benötigen. 


Fauna und Lithofazies geben keine genauen Hinweise auf 
Salinität und Wassertiefe. Die Ostrakoden deuten lediglich 
geringe Schwankungen im Euhalinikum und oberen Brachy- 
halinıkum an. Die Korallen und die Einwirkung von Stürmen 
auf das Substrat lassen für die Wassertiefe Werte knapp unter- 
halb der Wellenbasis bis maximal etwa 25 m vermuten. 


2.6 MITTEL- UND GROBSANDSTEINE 


2.6.1 Kalkig gebundene Mittel- und 
Grobsandsteine 


Sie erscheinen mit wenige dm-mächtigen (dunkel-)grauen 
Bänken. Von den sandigen Mergelkalken unterscheiden sie 


sich durch eine dichtere Kornpackung und einen geringeren 
Anteil an sparitischem, selten siltig-mikritischem Bindemit- 
tel. Zwischen beiden Lithofazies bestehen allerdings gradu- 
elle Übergänge. Der Gesteinstyp greift mit Großlinsen-Kör- 
pern gelegentlich erosiv auf Mergel, laminierte glimmerreiche 
Prodelta-Silte und Sandsteine über. Lateral lassen sich die 
Bänke mehrere Meter bis einige Zehner-Meter verfolgen, kei- 
len allerdings stets aus, so daß auf eine relativ geringe ur- 
sprüngliche Ausdehnung der Fazies geschlossen werden 
kann. 


Da die Gesteine z. T. relativ gleichkörnig sind, treten die 
Schichtungsstrukturen bei der Verwitterung nur wenig her- 
vor; zu erkennen sind in eine Richtung (SW/SE) weisende 
planare Schrägschichtung im cm-Bereich und cm- bis dm- 
große Trogschichtung. In basalen Partien, auf Schichtblättern 
und internen Großrippelflächen finden sich zahlreiche, z. T. 
abgeplattete Ton- und Siltgerölle (Taf. 4, Abb. 1, 2, Taf. 3, 
Abb. 4). Teilweise führen die Sandsteine mergelige Linsen, 
die von der rezenten Erosion meist ausgeräumt sind und 
Hohlräume innerhalb der Sandsteine hinterlassen (Taf. 4, 
Abb. 1). Vorallem an der Basis von Rinnenfüllungen schalten 
sich Lignit- und Pflanzenhäcksellagen mit Glimmerblättchen 
ein (Taf. 5, Abb. 5). Abgesehen von wenigen fragmentierten 
und abgerollten Schalenresten erweist sich die Fazies als fos- 
silfrei. Bioturbation tritt in den Hintergrund (Diplocraterion, 


Ophiomorpha ). 


Load casts infolge Einsinkens der Sandsteine in die unter- 
lagernden, wenig kompaktierten Silte sind selten (Taf. 3, 


Abb. 3). 


Mikrofazies 


Kantiger bis schlecht gerundeter Quarz, untergeordnet 
Feldspat, teilweise schichtparallel angeordnete Glimmer- 
blättchen, etwas Chlorit, Lignitreste, ferner gerundete Silt- 
stein- und Bioklasten (Durchmesser selten bis 4+ mm) bilden 
die Mittel- und Grobsandkomponenten. Gelegentlich bindet 
Pyrit knollen- oder schichtweise die Sandkörner, i.d.R. wird 
das Gestein jedoch durch sparitischen, auf die Zwickelräume 
zwischen den Körnern beschränkten Kalzit gefestigt. Die 
Sortierung ist mäßig, Gradierung nur selten entwickelt. 


Diskussion 


Die grobe Körnung des Gesteins und das Fehlen einer fein- 
klastischen primären Matrix kennzeichnen die Mittel- und 
Grobsandsteine als Ablagerungen eines hochenergetischen 
küstennahen Milieus. Dies kommt deutlich auch in der 
rinnenartigen erosiven Eintiefung in Silte und Sandsteine zum 
Ausdruck. 


Schrägschichtungs-Strukturen sind  charakteristische 
Merkmale für nicht-kohäsive körnige Sedimente (PETTIJOHN 
1975). Die häufige Umlagerung (,‚shifting‘“‘) als Folge der 
mangelnden Bindung stellt für jegliche Fauna eine ungünstige 
Voraussetzung der Besiedlung dar und erklärt das Ausbleiben 
einer autochthonen Fauna. Sekundäre Auflösung der Scha- 
len, die bei der hohen Porosität des Sediments und dem 
Durchfluß von aggressiven Porenwässern denkbar wäre, ist 
auszuschließen, zumal einige wenige Schalenfragmente selbst 
von Aragonitschalern erhalten sind und die primäre Schich- 
tung durch Benthos zerstört sein müßte. 


Auffallendste Komponenten der Sandsteine sind Ton- und 
Siltgerölle. Die Abflachung zeigt, daß die Gerölle in noch 
nicht vollständig lithifiziertem Zustand transportiert und ab- 
gelagert wurden. Rezent sind vergleichbare ‚‚mud pebbles“ 
und „‚clay balls“ besonders an der Basis von Channel-Füllun- 
gen zu finden (REiNEck & SınGH 1975, CONYBEARE & CROOK 
1968). Diese stimmen gut mit den linsen- und rinnenartigen 
Vorkommen von Consolagao überein. Bei den Tongeröllen 
handelt es sich wahrscheinlich um die Aufarbeitungsproduk- 
te, die bei der seitlichen Verlagerung von Flußläufen bzw. de- 
ren mariner Fortsetzungen im siltig-sandigen Untergrund an- 


fallen. 


Zwischen 110 und 120 m schalten sich einige Sandsteine 
erosiv in Mergel und laminierte Silte mit vereinzelten Pflan- 
zenhäcksellagen ein (Taf. 2, Abb. 4). Die Fauna dieses Berei- 
ches (Thracıa incerta- Assoziation) weist eine geringe Diversi- 
tät auf. Einige sandige Mergelkalke in diesem Profilabschnitt 
enthalten zusammengeschwemmte Mixed Assemblages, un- 
ter anderem mit Faunenelementen brackischer Lagunen. 
Diese Merkmale sind typisch für Abfolgen fortschreitender 
Deltafronten (ErLiorr 1978). Die Sandsteine stellen hierbei 
die Füllungen von Deltaarmen (distributary channel) dar. 


Einige lateral beständige, nicht erosiv einschneidende 
Sandbänke dieses Typs dürften küstennahe Sandbarren reprä- 
sentieren, da sie häufig auch die bei Channelfüllungen zu be- 
obachtenden Schichtungsstrukturen aufweisen (REINECK & 
SınGH 1975). In beiden Fällen sind nur geringe Wassertiefen 
von Dezimetern bis wenigen Metern anzunehmen. 


2.6.2 Polykladıchnus-Grobsandfazies 


Sie stellt eine Nebenfazies zu der Normalfazies der Grob- 
sandsteine (s. 2.6.1) dar. Die Horizonte führen eine spezifi- 
sche und charakteristische Ichnofauna und werden deshalb 
gesondert ausgeschieden. 


Es liegen meist 1-2 m mächtige Komplexe aus cm- bis 
dm-dicken Grobsand- und Mikrokonglomeratlagen vor, 
welche durch grüngraue sandige Silte getrennt sein können. 
Die einzelnen Lagen greifen erosiv auf frühere Schichtkörper 
hinweg. An Strukturen herrschen Schichtblätter und Foresets 
mit Neigungswinkeln bis etwa 30° sowie dm-große, flache 
Trogschichtung vor. 


In der Mikrofazies und der Faunenarmut gleichen die Po- 
lykladichnus-Sandsteine weitgehend der Normalfazies. Le- 
diglich der Feldspatgehalt (vorwiegend Plagioklas) scheint 
durchschnittlich etwas höher zu sein. Ein Sandsteinkomplex 
mit vergleichbarer Ausbildung nordöstlich des Fort von Con- 
solagäo (tektonisch abgetrennter Profilabschnitt) bildet hin- 
sichtlich der Fauna eine Ausnahme und führt eine individuen- 
reiche, aber artenarme Fauna, die vorwiegend aus Nerineen 
besteht und als Polyptyxis sp.-Nerinea sp. B-Assemblage be- 
schrieben ist (s. 3.2.12). 


Ichnofauna 


Polykladichnus irregularıs mit mehr oder weniger vertika- 
len, Y-förmig verzweigten Gängen ist das typische Spuren- 
fossil der Fazies (Taf. 9, Abb. 1-3). Meist sind die oberen 
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Abschnitte der Spuren durch nachfolgende, erosive Sand- 
steinschüttungen abgeschnitten, so daß die nahe der Obertlä- 
che gelegenen spitzwinkligen Gabelungen nur in wenigen 
Fällen erhalten sind. Die Gangfüllungen bestehen i. d. R. aus 
feinsandigem gründlichem Silt, der in Phasen weniger starker 
Wasserbewegung abgelagert wurde als es die Sandsteine selbst 
mit ihrem Korngrößenspektrum anzeigen. Bisweilen sind die 
Gangfüllungen die einzigen Überreste von Siltsedimenten, 
die bei erneuten Sandschüttungen vollständig aufgearbeitet 
wurden. An der Schichtoberfläche ergeben die Öffnungen 
bzw. Querschnitte der Gänge ein dichtes Punktemuster 


(Taf. 9, Abb. 1). 


Neben Polykladichnus irregularis sind Gänge von Diplo- 
craterion habichi und Ophiomorpha sp. häufig (Taf. 8, 
Abb. 7, 8). Dichte und Verteilung der Spuren varııeren, man- 
che Bankabschnitte sind fast frei von Spuren. 


Diskussion 


Alle drei Ichnospezies gelten als typische Anzeiger 
flachstmariner und hochenergetischer Bereiche. FürsıcH, der 
Polykladichnus irregularıs erstmals aus den etwas jüngeren 
Grobsanden von Porto Dinheiro (13 km südlich der Conso- 
lacao-Vorkommen im Südflügel der Lourinhä-Mulde, Ptero- 
ceriano-Alter) beschreibt und auch die Horizonte von Con- 
solagao erwähnt (FürsıcH 1981c), hält ein deltaisches Entste- 
hungsmilieu mit Schwankungen des Salzgehalts für wahr- 
scheinlich. 


Die Wealdenform Ophiomorpha nodosa, die den entspre- 
chenden Consolagao-Spuren am nächsten steht, läßt sich sehr 
gut mit rezenten Callianassa-Bauten vergleichen und kenn- 
zeichnet littorale Sande, die nur wenige Dezimeter von Was- 
ser bedeckt sind (Kennepy & Macpoucauı 1969). Aufgrund 
von brackischen und normalmarinen Mollusken in den Weal- 
denschichten werden auch hier Salinitätsschwankungen 
postuliert. Auch Diplocraterion habichi, wie überhaupt die 
Gattung Diplocraterion, wird stets aus hochenergetischen 
Sandfazies berichtet (Fursıch 1974, HANTZSCHEL 1975). 


Die Vorkommen sind dunklen und grüngrauen sandigen 
Silten zwischengeschaltet, die Prodelta-Bereichen und La- 
gunen zuzuordnen sind. Einige dünne, auf Lagunensilte fol- 
gende Sandbänke treten unmittelbar unterhalb von parallelge- 
schichteten Küstensanden auf, welche wiederum von La- 
gunensilten mit charakteristischer Weichbodenfauna (?Neo- 
miodon sp. A-Assoziation) überlagert werden. Die Sand- 
steine spiegeln hier deutlich den Übergang von Küstenbarren 
zu Flachwasserbereichen wider. Diese Befunde stimmen gut 
mit den von Kennepy & Macpoucauı (1969) beschriebenen 
Wealden-Verhältnissen überein. Die Polykladichnus-Grob- 
sandsteine sind demnach Bildungen flachster, nur wenige 
Zentimeter bis Dezimeter von Meerwasser bedeckter Küsten- 
strände oder — wie für die Fazies mit der Polyptyxis-Nerinea 
sp. B-Assemblage angenommen (s. 3.2.12) — äußerer La- 
gunenstrände. 


Die drei Spurentypen kommen zusammen vor, treten aber 
häufig auch einzeln in der gleichen Gesteinsfazies auf. Dies 
läßt auf geringe, in der Lithologie nicht erkennbare Unter- 
schiede in den Biotopbedingungen schließen. Salinitäts- 
schwankungen mögen aufgrund der paläogeographischen Sı- 
tuation auch hier eine wesentliche Rolle spielen. 
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2.7 KONGLOMERATISCHE GERÖLLMERGEL UND 
-MERGELKALKE 


Sie sind die grobkörnigste Fazies des unteren marinen Ab- 
schnitts und treten mit geringmächtigen Geröllbändern von 5 
bis 40 cm Dicke zwischen 150 und 170 Profilmeter auf. Die 
Geröllbänke schalten sich dunklen, sandigen Silten ein, in de- 
nen die ?Neomiodon sp.A-Weichbodenassoziation ein brak- 
kisches Lagunenmilieu repräsentiert; teilweise sind sie an 
grobkörnige Sandsteine gebunden. 


Die gerundeten Komponenten erreichen durchschnittlich 
0,2 bis 1 cm, selten 3 cm Größe. Als Gerölltypen finden sıch 
reine Ton- oder Siltsteine, fein- und mittelsandige Siltsteine, 
Feinsandsteine, Molluskenschalenreste, Lignit und Holz- 
fragmente sowie sehr häufig auch kleine Girvanella-Onkoide 
und Knöllchen von Marinella Iugeoni (Taf. 13, Abb. 4, 5). 
Helle, gerundete strukturlose Kalkkomponenten sind Calı- 
chekrusten zuzuordnen, die auch in den Lagunensedimenten 
und vor allem in den Deltaüberflutungsbereichen auftreten. 
Grober Quarzdetritus ist regelmäßig vorhanden. 


Einige Komponenten weisen im Inneren kalzit-verheilte 
Schrumpfungsrisse und Klüfte auf, gelegentlich kommen 
diese auch an der Oberfläche von Siltkomponenten vor 
(Taf. 13, Abb. 4,6). Da der Rundungsgrad der Komponen- 
ten in den sparitisch gebundenen Konglomeraten (Taf. 10, 
Abb. 4) wesentlich höher ist als in den sandigen Geröllmer- 
geln, ist eine weitergehende Aufbereitung der Gesteine in 
stärker bewegtem Wasser anzunehmen. An Fauna enthält die 
Fazies nur wenige, erheblich abradierte Mollusken- und Fo- 
raminiferenreste (Lituoliden). Ein Horizont erbrachte zahl- 
reiche rekristallisierte Schalen von ?Neomiodon sp.A, Nerı- 
nea sp.B, Eomiodon sp.A und anderen Mollusken. Der 
fragmentäre Zustand aller Faunenelemente zeigt deutlich Al- 
lochthonie an. 


Diskussion 


Das Geröllspektrum besteht überwiegend aus Gesteins- 
typen lagunärer oder deltaischer Faziesbereiche (Siltsteine mit 
Trockenrissen, Caliche-Krusten). Hiervon weichen nur die 
Girvanella-Onkoide und Rotalgen-Knöllchen von Mari- 
nella lugeoni ab, deren Häufigkeit und Erhaltungszustand al- 
lerdings auf keinen allzu großen Transportweg hinweist. 
Beide können aufgrund ihres Vorkommens in den anderen 
Faziestypen als Bildungen eher flacher, geschützter Bereiche 
mit normalen bis brachyhalinen Salinitätswerten gelten. 


Die Konglomerate selbst sind, wie die Einschaltung in la- 
gunären Silten zeigt, innerhalb von hyposalinaren Lagunen 
abgelagert worden. Als Herkunft der marinen Komponenten 
kommen somit nur marine Sedimente in Frage, die entweder 
durch regressive Entwicklung den Untergrund von Lagunen 
bildeten und aufgearbeitet wurden, oder Sedimente, die von 
marinen Bereichen in die Lagune transportiert wurden. Auf 
letztgenannte Möglichkeit deutet im Profil die Nähe zu paral- 
lelgeschichteten Küstenstrandsanden hin, über die hinweg die 
Gesteins- und Biogenpartikel während kurzfristiger Stürme 
in die Lagune gelangt sein können. Die Konglomerate glei- 
chen damit sogenannten Washover Fans, die z. B. an der Te- 
xas-Küste bei schweren Stürmen gröbere Gesteinsfragmente 
über die Stranddünen in die dahinterliegenden Lagunen oder 


Marschgebiete schwemmen (REıneck & SınGH 1975, FRIED- 
MANN & SANDERS 1978). 


Der Faziestyp erscheint mit nahezu identischer Kompo- 
nentenzusammensetzung auch in den höheren Profilab- 
schnitten südlich Forte Pai Mogo. Auch hier ist eine Verbin- 
dung mit Lagunen- und Delta-Sedimenten zu beobachten. 


In Oxford- und Kimmeridge-Gesteinen des Lusitanischen 
Beckens sind von verschiedenen Lokalitäten Konglomerate 
beschrieben worden (z. B. Memper 1955, Tresnıowskı 1958, 
SEIFERT 1958, ZBySzEwskı & MOITINHO DE ALMEIDA 1960). Es 
handelt sich dabei um Kristallin- und Kalkkomponenten, die 
bei der Erosion kristalliner Schollen und deren mesozoischer 
Sedimentbedeckung angefallen sind. Die Komponenten der 
Geröllhorizonte von Consolagäo (bis 200 Profilmeter) kön- 
nen dagegen auf Aufarbeitung von Sedimenten des unmittel- 
baren paläogeographischen Rahmens zurückgeführt werden. 
Ältere mesozoische sowie kristalline Komponenten wurden 
nicht beobachtet. 


2.8 FEINKLASTISCHE SEDIMENTE (TONE, SILTE, 
MERGEL) 


Ein wesentlicher Teil des Profils entfällt auf tonige und sil- 
tige Sedimente mit geringer oder fehlender karbonatischer 
Bindung. Zwei jeweils auf eigene Profilabschnitte be- 
schränkte Haupttypen können unterschieden werden: fein- 
klastische Sedimente des marinen und brackischen (0-200 m, 
580-630 m) und Silte des fluviatil-terrestrischen Milieus. 
Letztere bestimmen mit roten und grünen Farbtönen den 
Profilcharakter zwischen 200 und 580 sowie 630 und 740 m. 
Sie werden in 2.9 behandelt. 


Die marin-brackischen Sedimente zeichnen sich durch ein 
breites Farbspektrum und eine große Variation der Korngrö- 
Renverteilung im Ton-, Silt- und untergeordnet im Feinsand- 
bereich aus. Es lassen sich drei Untertypen unterscheiden: 


— Tonig-mergelige Silte und Mergel 
— Dunkelgrüngraue sandige Mergel und Silte 
— Grünlichgraue laminierte Glimmersilte 


Zwischen den drei Untertypen bestehen bisweilen Über- 
gänge in Farbe und Korngröße. Die Unterschiede in Faunen- 
und Komponentenspektrum sowie Schichtungsstrukturen 
lassen eine Untergliederung zweckmäßig erscheinen. 


2.8.1 Tonig-mergelige Silte und Mergel 


Diese Sedimente treten in den unteren 150 Meter auf und 
bilden meist die Basıs und den mittleren Teil von kleinen coar- 
sening upward-Folgen. Daneben schalten sie sich in cm- bis 
dm-mächtigen Lagen zwischen die Knollenkalkbänke am 
Fort von Consolagäo ein. Die Mächtigkeit der Silte und Mer- 
gel schwankt zwischen wenigen Zentimetern und 2,30 Meter, 
stellenweise erreicht sie 3,50 Meter. Farbe wie Korngrößen- 
verteilung variieren. Dunkelgraue Farbtöne überwiegen ins- 
besondere in tieferen Abschnitten, daneben kommen schwar- 
ze, olivgraue und bräunlich-graue, seltener auch rötlich- 
braune (Verwitterungs-)Farbtöne vor. Innerhalb einer Bank 
mit zunehmender Kornvergröberung geht die Farbe von 


dunkelgrau in hellgrau über entsprechend der Tonabnahme 
bzw. der Feinsand- und auch Kalkzunahme. In einigen Hori- 
zonten besitzen die tonigen Silte einen hellbräunlichen Farb- 
ton. Dünnschliffe von Onkoiden aus diesen Lagen zeigen 
größere Mengen an fein verteilten Eisenoxid- bzw. Eisenhy- 
droxidkügelchen (Durchmesser 3-8 u), die auf die Oxidation 
von Himbeerpyrit (LovE 1964) zurückgehen. Die vermehrte 
Ausscheidung von Pyrit erklärt sich mit der hohen Dichte in- 
faunaler Organismen und der damit verbundenen hohen Rate 
an Verwesungsgasen, die wesentlich zur chemischen Ausfäl- 
lung des Pyrits beitragen (FUCHTBAUER & MÜLLER 1977). 


Insbesondere die stärker sandigen (Kalk-)Mergel führen 
zahlreiche Lignitstücke, selten auch größere Holzreste 
(Taf. 5, Abb. 4; Taf. 7, Abb. 7). Der Gehalt an anorganı- 
schen Komponenten variiert, ist insgesamt stets nur von un- 
tergeordneter Bedeutung. Meist handelt es sich um schlecht 
gerundeten, klaren oder milchigen Quarzderritus (selten bis 
5 mm), Blättchen von Schichtmineralen (Biotit, Muskovit, 
Vermiculit) sowie um hellen und roten Feldspat. Selten ent- 
halten die Schlämmrückstände Rogenpyrit, semi-idiomorphe 
Pyritkristalle und Ooide mit mikritisierter Rinde. 


Primäre Schichtungsstrukturen sind durchwegs durch Bio- 
turbation zerstört (Taf. 3, Abb. 1). Nur gelegentlich ist 
Schichtung in Form von mm-Laminierung oder leichter 
Schrägschichtung im cm-Bereich ın feinsandreicheren und lı- 
gnitführenden Partien zu erkennen. Der Anteil von Feinsand 
in den Schrägschichtungskörpern beruht auf kurzfristig er- 
höhter Wasserbewegung. Für den feinverteilten Quarzderri- 
tus ist eine Verfrachtung durch Anheftung an suspendierte 
Tonagglomerate anzunehmen (POTTEr et al. 1980, S. 9). Grö- 
bere Komponenten entstammen teilweise den hangenden 
Schichten, aus denen sie durch wühlende und grabende Or- 
ganısmen in die Mergel gelangt sind. Bis auf einige härtere, 
z. T. karbonatisch gebundene Horizonte weisen die Silte und 
Mergel eine geringe Verfestigung auf. 


Ichnofauna 


In den tonigeren Partien sind Spuren selten. In den siltigen, 
z. T. mergelig-kalkigen Abschnitten überwiegen verzweigte 
Gangsysteme von Thalassinoides suevicus in mehreren Grö- 
ßenklassen (Durchmesser 1,0-1,5 cm, 2,5-4,0 cm, selten 
5 cm; Taf. 8, Abb. 1, 2); daneben finden sich Planolites sp. 
(4 mm), Spreitenbauten von Rhizocorallium irregulare und 
Rhizocorallium sp. (Taf. 8, Abb. 4) sowie ?Zoophycos sp. 
(Taf. 8, Abb. 6). Die Thalassinoıdes- Gänge sind teilweise se- 
kundär von Chondrites sp. durchwühlt (Taf. 18, Abb. 4,5). 
Ähnliche Spurenvergesellschaftungen in vergleichbarer Li- 
thofazies sind aus den Oberjuraschichten am Cabo Espichel 
westlich Setubal und aus dem Corallian (Oberjura) von Eng- 
land und der Normandie bekannt (FürsicH et al. 1980, Für- 
sıcH 1975). Sie kennzeichnen Biotope mit eher geringer Was- 
serenergie, z. B. geschützte Lagunenmilieus. 


Mikrofauna 


Die Schlämmproben enthalten eine individuenreiche, aber 
geringdiverse Mikrofauna. Teilweise besteht der gesamte 
Rückstand aus Mikrofossilien. An Foraminiferen konnten 
bestimmt werden: Alveosepta jaccardi (sh), Pseudocyclam- 
mina parvnla (g-sh), Everticyclammina virgnliana (h-sh), 
Rectocyclammina chouberti (g), Nautiloculina oolithica 
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(g-h), Lenticulina sp. (g). Untergeordnet sind Ostrakoden 
mit Cytherella suprajurassica, Schuleridea sp.1 (sensu Ra- 
MALHO 1971), Schuleridea sp., Asciocythere aff. sp.2, Cy- 
theropteron sp., Ostrakoden div. sp. nov. et sp. indet. Re- 
gelmäßiger Begleiter ist ein kleiner Cidaridenstachel (?Hemi- 
cidarıs sp.), selten dagegen sind Fisch- und Reptilzähne sowie 
Schuppen von Nadelhölzern. 


Die Foraminiferenfauna setzt sich aus lituoliden Sandscha- 
lerarten zusammen, lediglich Lenticulina besitzt eine por- 
zellanartige Wandstruktur. Sandschalige Foraminiferen be- 
vorzugen als Habitat randlich-marine Meeresteile, Buchten, 
Lagunen und Ästuare (Banpy 1964). Ähnliches wird für die 
oberjurassischen Formen Alveosepta jaccardı, Everticy- 
clammina virguliana und Nantiloculina oolithica angenom- 
men. Sie finden ihre größte Verbreitung in Biotopen mit terri- 
genem Einfluß und nur schwacher Wasserbewegung, sie zei- 
gen sich daneben resistent gegenüber Restriktionen des Mee- 
res (BOLLIGER & Burrı 1970, GuvADeEr 1968). An Ostrakoden 
treten vorwiegend Gattungen auf, die Salinitätsschwankun- 
gen im brachyhalinen Bereich tolerieren (Schuleridea, Cy- 
therella, Cytheropteron). Lediglich Asciocythere wurde bis- 
her nur eine geringe Toleranz gegenüber Salzgehaltsvermin- 
derung zugeschrieben (vgl. BRENNER 1976). 


Benthos 


Der Faziestyp zählt neben den Korallenbiostromen zu den 
faunenreichsten des Profils. Er enthält autochthone Weich- 
bodengemeinschaften, (parJautochthone Schillbänke und so- 
genannte Mixed Assemblages. 


a) autochthone Weichbodengemeinschaften 


Nahezu alle Schichten führen in wechselnder Faunendichte 
eine aus Bivalven und Gastropoden bestehende Makrofauna. 
Der überwiegende Teil der Mollusken - alles ehemalige Ara- 
gonitschaler - liegt in den Mergeln und Silten nur in Abdruck- 
erhaltung vor. Für die Bestimmung brauchbare Exemplare 
sind daher nur aus frischem Probenmaterial zu gewinnen. In- 
nerhalb von Bänken mit zum Top zunehmender Kornvergrö- 
berung konzentriert sich die Fauna auf die unteren tonig-silti- 
gen Partien. Nach oben nimmt die Fossildichte ab, ohne daß 
eine wesentliche Änderung im Artenspektrum zu erkennen 
ist. 


Die Fazıes führt vier Assoziationen: 


— Corbulomima suprajurensis-Mesosaccella dammariensis- 
Ass. 

— Thracıa incerta-Corbulomima suprajurensis-Ass. 

— Mesosaccella dammariensis-Protocardia intexta-Ass. 

— Thracıa incerta-Ass. 


(Ausführliche Beschreibung s. 3.3.1-3.3.4, Tab. 12-15) 


Die vier Assoziationen werden dominiert von kleinwüch- 
sigen endobenthonischen, knapp unter der Sedimentoberflä- 
che grabenden Bivalven. Bis auf eine detritusfressende Mu- 
schel (Mesosaccella) handelt es sich ausschließlich um For- 
men, die ihre Nahrung über einen Sipho im Sediment-Was- 
ser-Grenzbereich filtrieren. Epibenthonten sind selten. Der- 
artige Faunenzusammensetzungen sind typisch für wenig 
verfestigte, in Flachwasserregionen abgelagerte feinkörnige 
Sedimente, die infolge Resuspendierung der obersten Sedi- 
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mentschichten durch detritophage Organismen (Bivalven, 
Polychaeten) keine scharfe Grenze zwischen Substrat und 
Wassersäule aufweisen (RHoaps 1970, 1974). 


Die meisten Elemente gelten als euryhalin und zeigen mehr 
oder weniger von normalmarinen Werten abweichende Salı- 
nıtät an. Derartige Schwankungen lassen sich auch aus den 
Kornvergröberungsfolgen ablesen, die vor allem eine Zu- 
nahme fluviatilen Einflusses indizieren (ErLiorr 1978). Die 
vier Assoziationen reihen sich entlang eines Salinitätsgradien- 
ten auf, der das Eu- und Brachyhalinikum umfaßt (Abb. 26). 
Hierbei zeigt sich eine deutliche Korrelation zwischen Diver- 
sität und Salinität. Die höchste Diversität weisen die Corbu- 
lomima-Mesosaccella- und die Thracia-Corbulomima- 
Assoziation auf, die in den von Korallenbiostromen gepräg- 
ten Profilabschnitten vorkommen. Für sie sind geschützte 
Biotope einer Bucht und distale Prodeltabereiche zu vermu- 
ten. Die niedrigste Diversität besitzt die Thracıa incerta-As- 
soziation. Sie findet sich in Nachbarschaft zu laminierten Sil- 
ten und erosiv einschneidenden Grobsanden des Deltafront- 
bzw. Deltamilieus, wo Milieustreß und Salzgehaltsschwan- 
kungen besonders entwickelt sind. 


Vergleichbare Faunengemeinschaften mit etwas anderer 
Artzusammensetzung sind in Portugal von den Profilen am 
Cabo Espichel und bei Santa Cruz beschrieben (Fursich et al. 
1980, FursıcH 1981a). Es handelt sich um die Corbulomima 
dammariensis-, Mesosaccella dammariensis-Corbulomima 
suprajurensis- und Protocardıa intexta- Assoziation. Sie be- 
sitzen ähnlich den Consolagäo-Gemeinschaften eine mäßig 
hohe bis niedrige Diversität, die ebenfalls auf geringe Sub- 
stratstabilität und vor allem Salinitätsschwankungen zurück- 
geführt wird. 


b) autochthone Faunenvergesellschaftungen auf sekundären 
Hartsubstraten 


Sie treten meist unvermittelt in den Mergeln und Silten auf 
und bilden entweder Schillbänke oder schmale Fossilhorizon- 
te. Die Fauna besteht vorwiegend aus Bivalven, und zwar aus 
den Gruppen der Austern (Liostrea, Praeexogyra, Exogyra, 
Nanogyra ), Pteraceen (/sognomon, Rostroperna, Bakevellü- 
den, Pteroperna ) und Mytiliden (Arcomytilus, Lycettia ). Als 
Begleitfauna treten hin und wieder Korallen (Ovalastrea, Ac- 
tinastrea, Axosmilia, Epistreptophyllum, Placophyllia ), Ga- 
stropoden (Ampullina, Nerinea sp.B, Nerita) und einige 
Echinodermaten hinzu. Im Gegensatz zu den Weichboden- 
gemeinschaften liegen auch die Aragonitschaler in diesen 
Fossillagen in Kalziterhaltung vor. 

Allen Gemeinschaften gemeinsam ist das Vorherrschen 
epibenthonischer Elemente, die einen festen Untergrund zur 
Besiedlung benötigen. Die in den Mergeln dominierenden 
Weichbodengemeinschaften belegen insgesamt instabile und 
für Epibenthos ungünstige Substratbedingungen. Die An- 
siedlung der Epibenthonten dürfte in Phasen geringer Sedi- 
mentzufuhr und etwas erhöhter Wasserbewegung erfolgt 
sein, die mit einer Kompaktion der obersten Sedimentschich- 
ten und einer Anreicherung von Feinsand und Schalen an der 
Sediment-Wasser-Grenzfläche lebenden Mollusken verbun- 
den gewesen ist. Feinsand und Schalen bilden günstige An- 
heftmöglichkeiten besonders für epibyssate Bivalven (Pteria- 
ceen) und kleine Austern (Nanogyra). Wesentlich höhere 
Wasserenergien liegen der Bildung mehrerer Bakevelliide A- 


Schille bei 82 m zugrunde. Teilweise kiesgroße Quarz- und 
Feldspatkörner wurden offensichtlich während sturmartiger 
Ereignisse abgelagert und ermöglichten zusammen mit freige- 
spülten Molluskenschalen Schwärmen von Bakevelliiden- 
Larven die Anheftung mit dem Byssus. 


c) Mixed Assemblages 


Sie zeichnen sich durch eine Mischung von endo- und epi- 
benthonischen Faunenelementen aus, die in den autochtho- 
nen Assoziationen normalerweise nicht zusammen vorkom- 
men. Fragmentierung und Umkrustung weisen meist auf 
transportbedingte Fossilansammlungen hin. Ähnlich den 
Schillbänken sind die Aragonitschaler mit kalzitischer Schale 
erhalten. Die Entstehung der Mixed Assemblages geht im we- 
sentlichen auf periodisch höhere Wasserbewegungen zurück. 
In einigen Fällen mit geringem Fragmentationsgrad der Fauna 
ist eine Zerstörung der ehemaligen biostratinomischen Fossil- 
abfolge durch Bioturbation wahrscheinlich. 


Milieuinterpretation 


Die meist sandarmen Mergel und Silte sind ruhigen, kü- 
stennahen Ablagerungsbereichen zuzuordnen, in denen die 
Sedimentation kontinuierlich und weitgehend durch Absatz 
feinkörnigen Materials aus Suspension erfolgte. Gelegentlich 
wurde die Sedimentation von kurzfristigen, z. T. sturmartüg 
ablaufenden Phasen erhöhter Wasserenergie unterbrochen. 
Die Fauna belegt eine weite Verbreitung der Fazies von mari- 
nen Buchten und distalen Prodeltabereichen bis zu streß- 
reichen, geschützten Deltafrontzonen. 


2.8.2 Dunkelgrüngraue sandige Silte und Mergel 


Sie treten vorwiegend zwischen 130 und 200 m sowie 580 
und 630 m als Einschaltungen der fluviatil-terrestrischen Se- 
rie auf. Bedingt durch die sich rasch ändernden Sedimenta- 
tionsbedingungen in diesen Abschnitten variiert die Mächtig- 
keit von wenigen Zentimetern (z. B. als Einschaltung zwi- 
schen den Polykladichnus-Sandsteinen, 125-135 m) und 
mehreren Metern. Bei 170-200 m bildet diese Fazies einen 
Siltkomplex, der von zahlreichen geringmächtigen, fein- bis 
grobkörnigen Sandschüttungen und wenigen dicken Sand- 
steinlinsen durchsetzt ist. Dunkelgrüngraue bis schwarze 
Farben herrschen vor, selten sınd bräunliche, violette und 
hellgraue Farbtöne. Der grünliche Farbton stammt von 
Schichtmineralien (u. a. Biotit, Chlorit, Vermiculit). 


Im Unterschied zur Fazies 2.8.1 zeichnen sich die Silte 
durch einen höheren Gehalt an schlecht sortierten, fein- bis 
grobsandigen Komponenten aus. Mäßig gerundeter Quarz 
dominiert vor roten und hellen Feldspäten, einigen Schwer- 
mineralen (Epidot, Rutil, Hornblende, Turmalin) und Pyrit 
(Himbeerpyrit). Einige Proben enthalten leicht korrodierte 
halbidiomorphe Quarze. 


In einigen Horizonten sind Geröllmergel entwickelt, die 
aus aufgearbeiteten Sandsteinen, Siltsteinen, abgerollten Ma- 
rinella lugeoni-Krusten und Kalkkonkretionen bestehen. Be- 
sonders im Abschnitt zwischen 170 und 200 m finden sich bis 
zu 10 cm lange, unregelmäßig geformte Kalkkonkretionen. 
Sie stimmen in ihrem Aussehen gut mit den Bildungen über- 
ein, die in den roten Silten des fluviatil-terrestrischen Profil- 


teils häufig sind. Wie diese dürften sie Caliche-Krusten ent- 
sprechen und beginnende Bodenbildung dokumentieren 
(Arten 1965, PETTIJOHN 1975, FENDLER 1981), die an einigen 
Stellen auch aus Wurzelhorizonten erkennbar ist. 


Ichnofauna 


Zwischen 125 und 145 m finden sich Thalassınoides mit 
mehreren Größenklassen (1,0-4,0 cm; Taf. 8, Abb. 3, 5), 
Planolıtes sp., Diplocraterion sp. (Taf. 9, Abb. 4) und selten 
Chondrites sp. Aus dem Siltkomplex zwischen 170 und 
200 m sind keine Spuren bestimmbar. Zusammen mit der 
Ichnofauna der zwischengeschalteten Sandsteine (Rhizoco- 
rallium, Diplocraterion, Planolites) spiegeln die Spuren der 
Silte ein weitgehend marin beeinflußtes Flachwassermilieu 
wider. Dies gilt insbesondere für die Profilabschnitte zwi- 
schen 120 und 150 m, in denen Tbhalassinoides vorherrscht. 
Die Einschaltung der Polykladichnus-Sandsteine, die der 
Skolithos-Ichnofazies (SEILACHER 1967) vergleichbar sind, 
zeigen Flachstwasser und Strandbereich an. 


Benthos 


Einige Horizonte sind sehr fossilreich, andere dagegen fos- 
silfrei, ohne daß in der Sedimentologie Unterschiede festzu- 
stellen sind. Wie in den sandarmen Silten und Mergeln (2.8.1) 
dominieren autochthone Weichbodengemeinschaften vor 
Vergesellschaftungen mit Bewohnern sekundärer Hartsub- 
strate. 


a) autochthone Weichbodengemeinschaften 


Die statistische Auswertung ergab drei Assoziationen und 
eine Mixed Assemblage: 


—- ?Neomiodon sp.A-Ass. 

— Jurassicorbula edwardi-Ass. 

— Eomiodon sp.A-?Neomiodon sp. A-Ass. 

— Valvata helicelloides-Bivalve T-Assemblage 


Die Assoziationen sind unter 3.3.5-3.3.7 und 3.3.9 
(Tab. 16-19) beschrieben. 


Die Gemeinschaften setzen sich überwiegend aus endo- 
benthonischen, flach grabenden Suspensionsfiltrierern zu- 
sammen, die typisch für weiche und instabile, feinkörnige 
Substrate sind. Wie in den anderen feinklastischen Sedimen- 
ten liegen nur Schalenabdrücke vor. Gelegentlich sind Reste 
des Periostrakums als bräunlicher Film auf den Abdrücken 
erhalten; auch weisen die Mollusken bisweilen dünne braune 
Eisenhydroxidkrusten auf. 


Sämtliche Faunenelemente gelten als eurytop, vor allem 
euryhalın. Insbesondere für die z. T. mit über 80% Indivi- 
duenanteil dominierenden Arten ?Neomiodon sp. A, Eomio- 
don sp.A und Jurassicorbula edwardi kann eine Verträglich- 
keit extremer Salinıtätsschwankungen angenommen werden 
(s. 3.3). Die Arten treten in den Biotopen mit gewöhnlich eu- 
und brachyhalinen Salinitätswerten (marine Buchten, Pro- 
delta) nicht auf, andererseits finden sich nur wenige der in 
normalmarinen Milieus lebenden Organismen in den Sedi- 
menten mit den vorliegenden Assoziationen. Diese Merkmale 
sind charakteristisch für Brackwasserbiotope, ın denen die an 
das Meso- und Oligohalinikum angepaßten Brackwasserop- 
portunisten individuenreich dominieren, eu- und brachyha- 
line Elemente dagegen kaum mehr existieren können (BOEscH 
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1977). Im Profilabschnitt 150-200 m, in dem die ?Neomio- 
don sp. A-Assoziation auftritt, konnten keine anderen 
Weichbodengemeinschaften gefunden werden. Dies läßt 
vermuten, daß die Sedimentation bei ständigem fluviatilen 
Einfluß erfolgte. Derartige, über längere Zeit konstante Be- 
dingungen sprechen für ein geschütztes Lagunenmilieu (BARr- 
NES 1980). 


Bei 620-630 m sind die Faunen der Eomiodon-?Neomio- 
don- und Jurassicorbula-Assoziation fein- und grobkörnigen 
Sandsteinlinsen zwischengeschaltet, für die eine Ablagerung 
in Flußläufen wahrscheinlich ist. Innerhalb der Silte ıst eın 
Horizont von 10 bis 15 cm Dicke als siltiger Biomikrit ent- 
wickelt. Die karbonatische Bindung ist an einigen Stellen un- 
terbrochen. Hier schwimmen vereinzelte Mikritknödel in der 
siltigen Matrix. Silt und Mikrit führen die gleichen Faunen- 
elemente. Die für brackische Fazies sonst eher ungewöhnli- 
che Karbonatausscheidung ist typisch für die sogenannte 
„delta abandonment facıes“, insbesondere wenn die Hori- 
zonte über größere Entfernung aushalten (EıLiorr 1978). Als 
Biotop für die Faunengemeinschaften sind somit geschützte 
Deltabereiche anzunehmen. 


b) Gemeinschaften mit Bewohnern sekundärer Hartsub- 
strate 


Vereinzelt, in kleinen Kolonien oder horizontweise treten 
byssate oder mit der Schale fest aufwachsende Muscheln auf. 
Häufig sind Lycettia sp. A, Isognomon Insitanicus, Ptero- 
perna sp.M, Placunopsis suprajurensis, Liostrea sp. A, Exo- 
gyra reniformis, Nanogyra nana. Die Molluskenschalen sind 
wiederum Basis für weitere sessile Epibenthonten: Serpuli- 
den, Bryozoen (Plagioecia-Typ), Bohrorganismen (Litho- 
phaga, Entobia), Algen. Wie die Weichbodenfaunenele- 
mente sind die Epibenthonten euryhaline Formen. Einige in 
den Silten gefundene Korallen weisen Umkrustungen und 
deutliche Spuren von Umlagerung auf. Sie dürften der Aufar- 
beitung von Sedimenten mit normalmariner Faunenvergesell- 
schaftung entstammen. Das bevorzugte Auftreten des Epi- 
benthos in sandigeren Partien deutet auf gelegentlich erhöhte 
Wasserenergie hin. 


Der Fazies sind kleine Austernriffe zuzuordnen, obwohl 
diese nur mit den sandigen Silten seitlich verzahnen, die Silte 
also erst nach dem Austernwachstum abgelagert worden sind. 
Ein Liostrea sp. A-Patch-Riff ıst bei 136 m gut erschlossen 
(Taf. 3, Abb. 2). Seine Basis bildet eine geringdiverse Mol- 
luskenfauna mit einigen Korallen. Die bis zu 80 cm hohen 
Riffknospen werden ausschließlich von Schalen der Auster 
Liostrea sp. A aufgebaut. Die Austernriffchen von Consola- 
<äo — ein weiteres Patch-Riff ist auf dem Plateau zwischen 
Consolagäo und S. Bernardino angedeutet — sind als brak- 
kisch-lagunäre Bildungen zu interpretieren (s. 3.2.12). Die 
Korallen an der Basis der Riffknospen sprechen hierbei für 
anfangs weitgehend normalmarine Salinität und für äußere, 
dem offenen Meer zugewandte Lagunenbereiche, wo auch die 
rezenten Crassostrea virginica-Riffe entlang der Texasküste 
häufig zu finden sind (Parker 1955). 


Milieuinterpretation 


Die dunklen, grüngrauen sandigen Silte und Mergel sind 
Ablagerungen relativ niedrigenergetischer Lagunen- und 
Deltabereiche mit insgesamt mäßiger Sedimentationsrate. In 
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der Einschaltung sandiger Schüttungen und dem Wechsel von 
Endo- und Epibenthos-Vergesellschaftungen drücken sich 
gelegentliche Änderungen in der Sedimentzufuhr und Strö- 
mungsgeschwindigkeit aus. Die Fauna zeigt variierenden flu- 
viatilen Einfluß und erheblich verminderte Salinität an. Werte 
des Meso- und Oligohalinikums dominieren. 


Bemerkenswert sind einige leicht korrodierte halbidio- 
morphe Quarzkristalle, für deren Bildung allgemein hyper- 
salinare Bedingungen angenommen werden (Grımm 1964, 
RiıcHTER 1971, FRIEDMAN 1980, Franz 1967, NACHSEL 1969). 
Besser erhaltene, z. T. bipyramidale Quarze finden sich ın 
den Oberjuragesteinen entlang der Diapırstrukturen bei Bu- 
farda und S. Martinho do Porto (FÜRSICH & WERNER, unpubl. 
Daten) sowie bei anderen, Diapirlokalitäten (OErTEL 1952, 
Tresnıowskı 1958, Zeyszewskı 1959). Die Entstehung und 
Herkunft der Quarze wie auch das bevorzugte Auftreten an 
den Diapiren ist bisher nicht geklärt. Der Durchbruch der 
triassischen Salze an die Erdoberfläche wurde bisher als 
unterkretazisch datiert (Tresnıowskı 1958). Möglicherweise 
erreichten bereits im Oberjura einige Partien der Salzstöcke 
den Bereich des Grundwassers und führten im Kontakt zu 
den elektrolytarmen, kieselsäurehaltigen Porenwässern der 
Lagunensedimente zur Fällung des Quarzes. Länger andau- 
ernde hypersalinare Bedingungen in den Lagunen sind auszu- 
schließen, da an den Faunengemeinschaften stets Süßwasser- 
elemente beteiligt sind. Allerdings sind kurzfristige Übersal- 
zungen in Phasen der Austrocknung der Lagune möglich, ın 
die auch die Bildung der Wurzelböden und der Caliche-Kru- 
sten fallt. 


2.8.3 Grünlichgraue laminierte Glimmersilte 


Zu den wenigen feinkörnigen Ablagerungen, deren pri- 
märe Schichtungsstrukturen überliefert sind, zählen tonige 
Glimmersilte. Sie treten ab 46 m erstmals in 10 bis 150 cm 
mächtigen Lagen auf und finden sich entweder innerhalb von 
coarsening upward-Sequenzen oder als Einschaltungen in- 
nerhalb von Mergelkomplexen. Auf die Mergel folgen sie 
meist mit einer wellig-rippelartigen entwickelten Basıs. Die 
ausgeprägte Laminierung im mm- bis "/\o-mm-Bereich ergibt 
sich aus einer feinen Wechsellagerung von tonigen und silti- 
gen, seltener auch feinsandigen Schüttungen (Taf. 4, Abb. 4). 
Der Korngrößen-bedingte Laminierungseffekt wird zusätz- 
lich durch die horizontal eingeregelten Glimmerblättchen 
verstärkt (Taf. 13, Abb. 1). Neben der üblichen Horizontal- 
schichtung kommt planare Schrägschichtung und Trog- 
schichtung im cm-Bereich vor (Taf. 13, Abb. 2). Die 
Schlämmrückstände <250 u bestehen meist nur aus den grö- 
ßeren Schichtmineralen (Muskovit, Biotit, Vermiculit), die 
auch die hellgrünliche bis graue Farbe hervorrufen. Durch 
Zunahme des Anteils an Ton und organischen Bestandteilen 
(Lignit, Pflanzenhäcksel) sind einige Horizonte dunkelgrau 
oder schwarz gefärbt. 

Gestört wird die primäre Schichtung durch Slumping- 
Strukturen (Taf. 4, Abb. 4) und Bioturbation (Taf. 4, 
Abb. 3). Von der Durchwühlung sind i.d.R. nur der Top der 
Silte oder einzelne Lagen betroffen. Die Füllung der Grab- 
gänge besteht aus Material des Hangenden, was auf eine 
Durchwühlung der Silte nach einem Sedimentationswechsel 
hinweist. Aufgrund der geringen Deformation der Gänge 


dürften die laminierten Silte vor der Bioturbationsphase be- 
reits weitgehend entwässert und kompaktiert gewesen sein. 
Die Glimmersilte sind gewöhnlich nur geringfügig karbona- 
tisch verfestigt. 


Fauna 


Abgesehen von einigen seltenen Bivalven (Mesosaccella 
dammariensis, Corbulomima suprajurensis, Protocardia sp., 
Neomiodon cf. sp. A, Lycettia sp. A) und Gastropoden (cf. 
Adeorbis pellati, Ceritella sp., Procerithium sp., Valvata cf. 
helicelloides) sowie einer spärlichen Mikrofauna (lituolide 
Foraminiferen, Ostrakoden) ist diese Fazies äußerst fossil- 
arm, größtenteils sogar fossilfrei. Der oft fragmentäre Zu- 
stand und die geringe Fossildichte sprechen eher für Ein- 
schwemmung der wenigen Faunenelemente und für primär 
ungünstige Lebensbedingungen. Diese dürften vor allem in 
der hohen Sedimentationsrate bestanden haben. Unter derar- 
tigen Bedingungen können sich Endobenthonten kaum oder 
nur mit Mühe vor Verschüttung schützen. Hinweise für eine 
rasche Ablagerung geben die synsedimentären Slumping- 
Strukturen, die bei ungenügender Entwässerung und Kom- 
paktion entstehen. 


Milieuinterpretation 


Die laminierten Glimmersilte sind Sedimente eines ruhigen 
Ablagerungsraumes, in dem sie sich rasch und bei wechseln- 
der Wasserbewegung im wesentlichen aus Suspension absetz- 
ten. Im Vergleich zu den anderen Silten und Mergeln ohne 
Sedimentstrukturen ist das Energieniveau leicht erhöht gewe- 
sen, wofür die Lage oberhalb der normalen Silte in coarsening 
upward-Sequenzen und die Rippelbildung an der Basis spre- 
chen. 

Vergleichbare Sedimente finden sich rezent an den Fluß- 
mündungen des Mississippi und des Guadeloupe-River am 
Golf von Mexico. Nach MooRE & Scruton (1957) beschrän- 
ken sich im Mississippi-Delta laminierte Siltschlämme auf die 
Nähe von ‚‚active distributaries“, wo sıe relativ schnell zur 
Ablagerung kommen. Diese Bereiche zeichnen sich auch 
durch Organismenarmut aus. Unregelmäßig geschichtete, 
durch Bioturbation veränderte Sedimente treten demnach erst 
weiter seewärts auf. 

Eine den Consolagäo-Silten vergleichbare postsedimentäre 
Bioturbation weisen laminierte Silte und Tone des Guadelou- 
pe-Deltas auf — ebenfalls randliche Ablagerungen der Fluß- 
mündung (SHEPARD & Moore 1955). Sie führen eine charakte- 
ristische, vorwiegend aus Ostrakoden bestehende Mikrofau- 
na, wie sie im Consolagao-Profil außer in der vorliegenden 
Fazies nur in den brackisch-lagunären Biotopen vorkommt. 

Die Verhältnisse am Golf von Mexico lassen sich auf die 
laminierten Silte zwischen 110 und 125 m übertragen, die nä- 
her an einer Flußmündung anzusiedeln sind, da sie von grob- 
sandigen Rinnenfüllungen durchschnitten werden. Für die 
grünlichen Silte bei 40-90 m sind distale äußere Deltazonen 
wahrscheinlich, wie die normalmarinen Faunen (Korallen- 
biostrome) in diesen Abschnitten belegen. 


2.9 FLUVIATIL-TERRESTRISCHE SEDIMENTE 


Der Profilabschnitt zwischen $. Bernardino und Areıa 
Branca (ca. 200-740 m) besteht aus einer vergleichsweise ein- 


tönıgen Wechselfolge von roten oder grünen Silten und zwi- 
schengeschalteten Sandsteinen (Taf. 1, Abb. 3, 4). Die über- 
wiegend einem fluviatil-terrestrischen Bildungsmilieu zuge- 
schriebenen Sedimente werden innerhalb des Forschungs- 
programms gesondert und detailliert bearbeitet. Da sich zwi- 
schen 580 und 630 m grünlichgraue Silte und Mergel mit 
Brackwasserfaunengemeinschaften einschalten, die bei der 
Benthosanalyse mitberücksichtigt sind, und die Abfolge für 
die paläogeographische Überlegungen wichtig ist, wird eine 
kurze Beschreibung der wesentlichen Gesteinstypen ange- 
fügt. 


Feinklastische Sedimente 


Sie sind die dominierenden Gesteine des Profils ab 200 m 
und liegen als rote oder grüne, meist feinsandige Silte und Silt- 
steine vor, in die sich Fein- bis Grobsand-, seltener Geröll- 
schüttungen einschalten. Die Silte enthalten stellenweise hell- 
bis rötlichgraue, unregelmäßig geformte Kalkknöllchen bis 
zu 8 cm Größe (durchschnittlich 1-3 cm). Gelegentlich sind 
die Kalkknöllchen zu dm-mächtigen Geröllbändern zusam- 
mengeschwemmt. Nur in wenigen Horizonten finden sich 
Fossilreste (Characeen, Fisch- und Reptilreste, kleine Pflan- 
zenstückchen). Eine schmale Linse mit reinem schwarzen 
Ton enthält pyritisierte Megasporen. In den stärker verfestig- 
ten Silten und Siltsteinen sind horizontal, schräg und vertikal 
verlaufende Gänge von Scoyenia sp. häufig (Taf. 9, Abb. 7). 
Einige vertikale Gänge innerhalb einer Silt-Siltstein-Wechsel- 
folge am südlichen Ende des Strands von Forte Pai Mogo sind 
wahrscheinlich ebenfalls der Gattung Scoyenia zuzuordnen 
(Taf. 9, Abb. 5, 6). Wurzelhorizonte sind selten. 


Die Kalkbildungen besitzen große Ähnlichkeit zu den 
Kalkkonkretionen in Old-Red-Silten Großbritanniens, die 
als Caliche interpretiert werden (Arten 1965). Diese entste- 
hen subaerisch in terrestrischem Milieu bei warmem Klima 
und in Verbindung mit jahreszeitlichen Regenperioden. 
Hinweise für eine Ablagerung der Kalkknöllchen-führenden 
Silte von Consolagäo in terrestrischem Milieu geben die rote 
und grüne Sedimentfarbe (POTTER et al. 1980), die Scoyenia- 
Spuren (SEILACHER 1967, HAnTzscHEL 1975) und die vereinzel- 
ten Wurzelhorizonte. 


Die Merkmale der Silte sind charakteristisch für Sedimente 
in Überflutungsgebieten, die auf den Absatz der in Suspen- 
sion transportierten Feinfraktion zurückgehen (flood plain 
deposits). Die gröberen Sand- und Kieseinschaltungen dürf- 
ten „‚crevasse splay deposits‘“ darstellen und Phasen extremer 
Hochwässer repräsentieren (RENECK & SıncH 1975). In den 
fossilführenden, teilweise mergeligen Silten (Characeen, 
Fischreste) sind kleine Süßwasserseen zu vermuten. Der hohe 
Gehalt an organischen Substanzen (Pyritbildung) und Pflan- 
zenresten (Megasporen) in der schwarzen Tonlinse spricht 
dagegen eher für eine Marschbildung (REıneck & SınGH 
1975). 


Gröberklastische Sedimente 


In den feinkörnigen Silten liegen linsige Sandsteinkörper 
mit einer Mächtigkeit von wenigen Dezimeter bis zu 15 Me- 
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ter und lateraler Ersteckung bis zu 110 Meter. Die Basis der 
Bänke ist teilweise erosıv, teilweise eben entwickelt, die 
Oberseite i.d.R. eben. Einige Sandsteine sind über die ge- 
samte Mächtigkeit relativ gleichkörnig, in anderen wechselt 
häufig die Korngröße. Fining upward-Folgen sind häufig 
(Taf. 6, Abb. 2). Als Komponenten treten neben einzelnen 
Quarz- und Feldspatkörnern Gerölle von Graniten auf, die in 
Textur und Mineralbestand mit den heutigen Berlenga-Gra- 
niten nahezu identisch sind und auf eine Herkunft der Schüt- 
tungen aus dem Westen bzw. Nordwesten hinweisen. Häufig 
sind abgerollte Caliche-Knöllchen. Bei Areia Branca enthal- 
ten die Sandsteine größere, kaum gerundete Fetzen von grü- 
nen Siltsteinen (Taf. 6, Abb. 6). Derartige breckzienartige 
Einschaltungen bilden sich während der Entstehung der 
Sandsteinkörper durch Aufarbeitung subaerisch leicht ver- 
festigter Schlammböden. Sie lassen auf hohe Wasserenergien 
bei katastrophalen Ereignissen (Regenfälle, Sturm) schließen 
(z. B. CONYBEARE & Crook 1968). 


Die Sandsteine führen besonders an der Basis erosiv eıin- 
schneidender Linsen größere Holzreste, auf Schichtblättern 
häufig auch feines Pflanzenhäcksel (Taf. 5, Abb. 5). Von sel- 
tenen Reptilfunden abgesehen (vgl. LArrARENT & ZBYszEwsKI 
1957) sind die Sandsteine fossilfrei. In feinsandigen Lagen 
sind Spuren des Scoyenia-Typs häufig (Taf. 9, Abb. 8). 


Die Sandsteine zeichnen sich durch ein weites Spektrum an 
Sedimentstrukturen aus. Planare Schrägschichtung und Trog- 
schichtung in mehreren Größenklassen dominieren (Taf. 6, 
Abb. 1, 2). In feinsandigen Horizonten ist Rippelschichtung 
häufig (Taf. 6, Abb. 4, 5). Climbing-Rippel sind in Silt-Fein- 
sand-Wechsellagerung zu beobachten (Taf. 6, Abb. 3). In 
Verbindung mit der Morphologie der Sandsteinkörper, der 
Ichnofauna (Scoyenia ), den Holz- und Wirbeltierresten wei- 
sen die Sedimentstrukturen die meisten der Sandsteine als 
Flußrinnensedimente aus. Einige feinkörnige Sandsteine - zu 
ihnen zählen auch zwei mächtigere Bänke im marin beein- 
flußten Profilabschnitt bei 157 und 168 m- besitzen horizon- 
tale oder nur leicht geneigte planare Schichtung (Taf. 5, 
Abb. 2,3). Auf den Schichtflächen aufgereihte, diagenetisch 
entstandene Pyritkonkretionen lassen die Schichtung deutlich 
erkennen. Horizontale Schichtung entsteht meist in intertida- 
len Strandbereichen unter Einfluß der Wellenbewegung (Reı- 
NECK & SınGH 1975). Auf die beiden Sandsteinkörper unter- 
halb 200 m läßt sich die Interpretation als Küstenstrandbil- 
dung gut übertragen. Die Sande folgen auf Mergel und Silte 
mit einer gering diversen, auf brachyhalines Milieu hinwei- 
senden Makro- und Ichnofauna und werden von Silten mit 
typischen Brackwasserelementen überlagert. Die Sandsteine 
stellen hier äußere Strände von meist hyposalinen Lagunen 
dar. Für andere Horizonte mit Parallelschichtung in höheren 
Profilteilen ist eine Strandbildung nur bei einigen Bänken 
südlich Forte Pai Mogo anzunehmen. Bei anderen Sandstei- 
nen ist aufgrund fehlender mariner oder brackischer Begleit- 
sedimente eine Entstehung in fluviatilem Milieu wahrschein- 
licher, wo derartige Strukturen in Uferdämmen (levees) und 
„point bars“ häufig vorkommen (CoLEman ın REINECK & 
SıncH 1975). 


3, BEN TEIOS-ANATNSIE 


3.1 VORBEMERKUNGEN 


Das Profil von Consolagäo zeigt sich besonders in den un- 
teren 200 Metern sehr fossilreich. Hier führt die Mehrzahl 
der Silt-, Mergel-, Kalk- und Sandsteinhorizonte marine und 
brackische Fossilvergesellschaftungen in unterschiedlicher 
Fossildichte und -häufigkeit, während sich in den höheren 
Abschnitten des Profils (200-740 m) mit überwiegend terre- 
strischer Fazies nur wenige Lagen mit brackischen Faunen- 
gemeinschaften einschalten. 


3.1.1 Fossilerhaltung 


Die Fossilerhaltung läßt eine deutliche Abhängigkeit von 
der Lithofazies erkennen. In den grobkörnigen (ab Mittel- 
sand) und kalkigen Gesteinen liegt die Fauna i.d.R. in Scha- 
lenerhaltung vor, wobei ursprünglich aus Aragonit beste- 
hende Schalenteile in Kalzit umgewandelt sind. Aus feinkör- 
nigen Silten und Mergeln lassen sich hingegen nur die bereits 
primär aus Kalzit bestehenden Skeletteile in Schalenerhaltung 
vorfinden. Von Aragonitschalern, im wesentlichen Bivalven 
und Gastropoden, liegen meist nur Abdrücke vor; die insta- 
bile aragonitische Schalensubstanz ist weggelöst. Die Um- 
wandlung von Aragonit in Kalzit in den gröberklastischen 
Sedimenten beruht wahrscheinlich auf der in dieser Fazies 
ausgeprägteren Zirkulation von Porenwässern, die im allge- 
meinen eine paramorphe insitu-Umwandlung von Aragonit 
in Kalzit begünstigen (ScHmiDT 1965, FÜCHTBAUER & MÜLLER 
1977). Nach Schwipr findet die Umkristallisation während 
der frühen Spätdiagenese statt. 


Bei den ursprünglich aus Aragonit bestehenden endoben- 
thonischen Bivalven erweist sich der Erhaltungszustand ne- 
ben Kriterien der Faunenzusammensetzung und der Sedı- 
mentologie als wichtiges Indiz für die Beurteilung der Au- 
tochthonie der Fauna. So finden sich von den ausschließlich ın 
feinkörnigen Sedimenten siedelnden Bivalven (z. B. Corbu- 
lomima, Protocardia, Mesosaccella ) in der Siltfazies nur Ab- 
drücke der Schale. Transportierte und meist in höher energe- 
tischen sandigeren Milieus verlagerte Schalen liegen dagegen 
stets kalzitisch vor. Besonders deutlich kommt dies bei lagu- 
nären Gemeinschaften zum Ausdruck, die aus ihrem ange- 
stammten siltig-mergeligen Milieu ausgespült sind, in sandı- 
gen Channel-Füllungen abgelagert und dort mit kalzifizierter 
Schale überliefert sind. In den siltigen Lagunensedimenten 
sind dagegen nur Abdrücke erhalten. 


3.1.2 Konzept der Faunengemeinschaft 


Seit den quantitativen Arbeiten PFTersen’s (1913, 1915, 
1924) über die Faunengemeinschaften an der dänischen Küste 
ist eine Vielzahl von Untersuchungen über Faunengemein- 
schaften und ihre Biotope vorgelegt worden. Sie behandeln 
rezente und fossile Lebensgemeinschaften unter sehr ver- 
schiedenen Aspekten und mit unterschiedlichen Arbeits- 
methoden. Entsprechend vielfältig sind deshalb Begriffe wie 
Biozönose, Faunengemeinschaft, Assemblage, Community 


oder/und Assoziation in Verwendung (vgl. DoDD & STANTON 
1981, Boucor 1981). Insbesondere der Begriff „Communi- 
ty“ wird in der paläontologischen Literatur mit variierender 
Bedeutung und zum Teil mit philosophischem Konzept un- 
terlegt benutzt. Im Extremfall der holistischen Konzeption 
von Kaurrman (1974) beziehungsweise KAUFFMAN & SCOTT 
(1974) beinhaltet der Begriff die ehemalige Gesamtbiozönose 
einschließlich der fossil nicht erhaltenen Weichkörperfauna; 
andererseits werden bereits einzelne Faunengruppen als 
Community bezeichnet (‚‚organısm communities‘“ sensu 
Neweıı et al. 1959). 


Der vorliegenden Arbeit liegt die Vorstellung zugrunde, 
daß die fossil überlieferten Organismenreste und -spuren als 
Ausschnitt der ehemaligen Biozönose mit ihrer Artzusam- 
mensetzung und Struktur (ausgedrückt als Diversität) die 
ehemaligen physikalisch-chemischen Bedingungen, die ge- 
rade in randlich marinen Biotopen wesentlichen Einfluß auf 
die Faunen ausüben (z. B. Levinron 1970), hinreichend wi- 
derspiegeln. Die verwendeten Begriffe beziehen sich somit 
nur auf die Fossilgemeinschaften, wobei besonders hinsicht- 
lich der Autochthonie näher differenziert wird. 


Obwohl Transport und Umlagerung von Sediment und 
Fauna häufig in Erscheinung treten, sprechen einheitliche 
Autökologie, Lebendstellung und Erhaltungszustand der 
Fossilien in zahlreichen Taphozönosen dafür, daß ein reprä- 
sentativer Teil der ursprünglichen Biozönosen vorliegt. Auf 
eine primäre litho- und biofazielle Bindung und damit 
Autochthonie weist auch die spezifische Faunenzusammen- 
setzung in den verschiedenen Sedimenttypen hin. So domini- 
eren in den ton- und siltreichen Partien Taphozönosen mit in- 
faunalen Formen, während in den meist kalkig gebundenen 
sandigen Bänken, die ein höheres Energieniveau und/oder ge- 
ringere Sedimentationsraten anzeigen, epibenthonische Fau- 
nenelemente vorherrschen. 


Als autochthone Fossilgemeinschaften oder Palaeocom- 
munities können Taphozönosen gelten, deren Trophic Nu- 
cleus aus autochthonen oder parautochthonen, demselben 
Faziesraum entstammenden Organismen besteht. Sie unter- 
scheiden sich von Assemblages, die sich ebenfalls weitgehend 
aus autochthonen Elementen zusammensetzen, deren Struk- 
tur jedoch aufgrund ungenügender quantitativer Daten 
oder/und zu geringer Probenanzahl nicht sicher belegt ist. 


Unter Assoziation werden im Folgenden Ausschnitte aus 
Fossilgemeinschaften verstanden, die hinsichtlich ihres Art- 
bestandes und ihrer Struktur (ausgedrückt als Diversität) die 
gesamte Gemeinschaft hinreichend charakterisieren. Sie stüt- 
zen sich in ihrer Zusammensetzung auf die quantitative Aus- 
wertung der einzelnen, horizontiert entnommenen Faunen- 
gemeinschaften, wobei Artenspektrum und Häufigkeitsver- 
teilung der Arten für ihre Abgrenzung entscheidend sind. 
Wesentliches Merkmal der Assoziationen ist das wiederholte 
Vorkommen (vgl. PETErson 1924). Lediglich eine Assoziation 
(Pteroperna sp.M-Placophyllia minima-Assoziation) weicht 
hiervon ab und wird nur aufgrund der besonderen Artzu- 
sammensetzung als eigenständige Assoziation ausgeschieden. 


Zur quantitativen Ermittlung und Benennung der Assozia- 
tionen wurden die drei Gruppen Korallen, Bivalven und 


Gastropoden herangezogen. Die prozentualen Häufigkeits- 
angaben in den Faunenlisten (Tab. 1-19) nehmen somit nur 
auf die Summe an Individuen dieser drei Gruppen Bezug. Sie 
liegen auch den Berechnungen der Diversitätsindices und der 
Rarefaction-Kurven zugrunde. Die Individuenzahlen der 
restlichen Makrofaunengruppen sind hier nicht mitberück- 
sichtigt. Diese sind aber mit semiquantitativen Angaben 
(z. B. häufig, selten) den Faunenlisten angefügt. 


Entscheidend für die Auswahl der Korallen, Bivalven und 
Gastropoden als Standardgruppen ist deren Häufigkeit, die 
sich insbesondere in der Vorrangstellung in den Trophic Nuc- 
lei sämtlicher Fossilgemeinschaften des Consolagäo-Profils 
niederschlägt. Die übrigen, im Folgenden als Nebengruppen- 
elemente zusammengefaßten Makrofossilgruppen sind nur 
mit wenigen Exemplaren repräsentiert. So wurden im Profil 
insgesamt nur zwei Ammoniten und ein Belemnit gefunden. 
Brachiopoden, Poriferen und Hydrozoen kommen ebenfalls 
nur in geringem Umfang in einigen Korallenbiostromen vor. 
Eine größere fazielle Verbreitung ist bei Bryozoen und Echi- 
nodermaten zu beobachten, doch sind auch sie in den Fossil- 
vergesellschaftungen mit nur geringen Individuenzahlen re- 
präsentiert. 

Für die Auswahl der Korallen, Bivalven und Gastropoden 
als Standardgruppen ist — abgesehen von ihrer Häufigkeit — 
die Erhaltungsfähigkeit ihrer Hartteile entscheidend, die eine 
weitgehende Vollständigkeit bei der Überlieferung des ur- 
sprünglichen Arten- und Individuenspektrums erwarten läßt. 
Die Zählung der Individuen für die statistische Auswertung 
verläuft bei ihnen nahezu problemlos, da es sich i.d.R. um 
Einzelindividuen handelt. Jede der aus zahlreichen Einzel- 
individuen bestehenden Korallenkolonien wird in der statisti- 
schen Auflistung als ein Gesamtindividuum gewertet und be- 
sitzt somit die gleiche Wertigkeit wie Solitärkorallen, Bival- 
ven oder Gastropoden. Eine besondere Zählweise wird ledig- 
lich für einklappig erhaltene Bivalven angewandt; bei ihnen 
geht der maximale Häufigkeitswert, den eine der beiden Scha- 
lenhälften erreicht, in die statistische Auswertung ein. Keine 
ausreichenden Rückschlüsse auf die ursprüngliche Individu- 
enzahl und -dichte sind hingegen bei Echinodermen möglich, 
von denen meist nur einzelne Skeletteile vorliegen, sowie bei 
Bryozoen, deren kleine Kolonien eher zufällig erkannt wer- 
den. 

Die quantitative Benthos-Analyse, die nur wenige Faunen- 
elemente bei der Bildung von Assoziationen berücksichtigt, 
wird häufig angewandt (z. B. Sanpers 1968, STANTON & 
Evans 1972, Anrıa 1977). Sie erscheint für palökologische 
Untersuchungen aus Gründen der Fossilaufsammlung, 
Fossilerhaltung und ökologischen Interpretierbarkeit als 
zweckmäßig (vgl. VALENTINE 1973). Insbesondere erlaubt die 
Beschränkung der statistischen Auswertung auf wenige Fau- 
nenelemente, die Diversitätswerte auf eine geringe Anzahl 
ökologischer Parameter einzugrenzen. Die palökologische 
Interpretation stützt sich dabei wesentlich auf die rezent-öko- 
logische Erkenntnis, daß hohe Diversitäten charakteristisch 
sind für biologisch kontrollierte Ökosysteme in relativ stabi- 
len Biotopen, niedrige Diversitätswerte dagegen Biotope mit 
extremen oder stark wechselnden physikalisch-chemischen 
Parametern widerspiegeln (SANDERS 1968, LEvmron 1970, 
Opum 1980). 

Der Lebensbereich der Hauptfaunenelemente in den Con- 
solacäo-Schichten besteht in einer schmalen Zone, die den 
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oberen Bereich der Sedimentdecke und ca. 15 cm der Wasser- 
säule über dem Meeresboden umfaßt. Es ist deshalb wahr- 
scheinlich, daß Korallen, Bivalven und Gastropoden auf Än- 
derungen bestimmter limitierender Faktoren, insbesondere 
Salinität, Substratbeschaffenheit, Sauerstoffgehalt und Was- 
serenergie in ähnlicher oder gleicher Weise reagieren und daß 
die aus diesen drei Gruppen errechneten Diversitätswerte si- 
gnifikante Rückschlüsse zulassen. 


3.1.3 Diversitätsindices 


Zur Diversitätsmessung wurden drei verschiedene Metho- 
den der Index-Berechnung durchgeführt und miteinander 
verglichen: 

l. Artenzahl (‚species richness“) 
2. Rarefaction-Methode 
3. „„Gleichmäßigkeit‘ (‚‚evenness‘‘) 


l. Der einfachste Index, die Artenzahl einer Faunenge- 
meinschaft (Abb. 21, 22) ergibt meist Werte, die qualitativ 
den beiden anderen Indices entsprechen. Für lagunäre und 
ästuarine Bereiche erweist sich dieser Index allerdings als we- 
nig aussagekräftig, da hier küstenparallele Strömungen und 
fluviatiler Einfluß eine Eindriftung allochthoner Formen be- 
ziehungsweise den Verlust autochthoner Organismen zur 
Folge haben kann und die ursprünglichere Artenzahl oft we- 
sentlich verändert ist. 

2. Die Rarefaction-Methode (SANDERS 1968) errechnet, 
ausgehend von einer reellen Probe, hypothetische Artenzah- 
len kleinerer (rarefied) Proben der gleichen Assoziation. Sie 
eliminiert weitgehend die Abhängigkeit der Artenzahl von 
der Probengröße. Die ermittelten Rarefaction-Kurven erlau- 
ben damit den direkten Vergleich von Assoziationen unter- 
schiedlicher Ausgangsgröße. Gleichzeitig geben sie einen 
Einblick in die Diversitäts- und Dominanzverhältnisse der 
Faunengemeinschaften (Abb. 23, 24). 

Die Rarefaction-Methode gilt in ihrer ursprünglichen, von 
SanDers (1968) vorgestellten Form als mathematisch unkor- 
rekt (HURLBERT 1971, SIMBERLOFF 1972). Zur Kurvenberech- 
nung wird deshalb folgende, von Hurısert (1971) vorge- 
schlagene Formel benutzt (vgl. Raur 1975, Tırrer 1979): 


E (Sn) = = [ - N 


E (s„) erwartete Anzahl an Arten in der reduzierten Probe 
von m Individuen 


S Anzahl der Arten in der Ausgangsprobe 

N; Zahl der Individuen der Art i in der Ausgangsprobe 
N Gesamtzahl der Individuen in der Ausgangsprobe 
m Zahl der Individuen der gegenüber der Ausgangs- 


probe reduzierten (rarefied) Probe. 


Von allen Assoziationen wurde E (S) jeweils fürm = 10, 25, 
50, 75, 100, 125, 150, 175, 200, 250, 300, 400, etc. ermittelt. 
Der dichte Punktabstand im ersten Abschnitt der Kurve 
(m<200) ist sinnvoll, da sich in diesem Bereich die Domi- 
nanz-Struktur der Assoziation am stärksten niederschlägt. 
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Nach dem mehr oder weniger deutlich entwickelten Wende- 
punkt nimmt die Rarefaction-Kurve einen flacheren Verlauf. 
Die Steigung in diesem Abschnitt hängt wesentlich von der 
Anzahl an individuenarmen Arten ab, d. h. jemehr dieser Ar- 
ten vorhanden sind, desto steiler steigt die Kurve an. Da sich 
unter den Arten, die nur durch wenige Exemplare repräsen- 
tiert sind, auch allochthone Elemente befinden können, be- 
sitzt dieser Teil der Rarefactionkurve geringere Aussagekraft. 


Die Berechnungen sind mit programmierbaren Taschen- 
rechnern (Ti 57 und Ti 58 C von Texas Instruments) durch- 
geführt worden. 

Die hier verwendete Gleichung zur Erstellung der Rarefac- 
tionkurve wurde der ebenfalls gebräuchlichen Gleichung 


S n 
[3,9] 
[1 N 


(z. B. Antıa 1977) vorgezogen, da letztere nach Tırrer (1979) 
nur in bestimmten Kurvenbereichen mathematische Gültig- 
keit besitzt. 

3. Neben der Species Richness ist eine wichtige Charakteri- 
stik der Assoziation die „‚Gleichmäßigkeit‘“ (May 1980) der 
Verteilung der Individuenzahlen der einzelnen Arten (,‚even- 
ness“, PıeLou 1975, Hurısert 1971, Abb. 21, 22). Sie läßt 
sich mit dem Index D 


(Mac ARTHUR & Wırson 1967, Mac ARTHUR 1972, May 1981) 
ausdrücken (wobei p; = relativer Anteil der Art i,n = Anzahl 
der Arten in der Assoziation). 


Der Term pi zeigt die Wahrscheinlichkeit an, mıt der zwei 
zufällig einer Assoziation entnommene Individuen der Art i 
angehören; % p’ gibt demnach an, mit welcher Wahrschein- 
lichkeit generell zwei derartige Individuen irgendeiner ge- 
meinsamen Art angehören. D. h., je stärker eine Art eine 
Assoziation dominiert, um so größer ist die Wahrscheinlich- 
keit, daß zwei entnommene Individuen zu einer Art gehören 
(z. B. ? Neomiodon sp. A.-Assoziation mit 80% Indivi- 
duen-Anteil von ? Neomiodon sp. A). Ein hoher Wert des 
Ausdrucks 3 p} steht somit für Dominanz und entspricht 
einer intuitiv als niedrig empfundenen Diversität und umge- 
kehrt, weshalb der Term in seiner reziproken Form ın die 
Formel für D eingeht. 


3.1.4 Lebensweise 


Angaben zu Ernährungs- und Lebensweise der Mollusken 
wurden vor allem den Arbeiten von STAnLEY (1970), KAuFrF- 
Man (1969), Durr (1978), FürsıcH (1977) und PurcHon (1977) 
entnommen. KAzstner (1965) und PurcHon (1977) beschrei- 
ben für Gastropoden zahlreiche verschiedene Möglichkeiten 
der Ernährungs- und Lebensweise, die aus der Gehäusemor- 
phologie der fossilen Schnecken allerdings nicht abzuleiten 
sind. Die Annahme einer überwiegend herbivoren Lebens- 
weise für die Gastropoden des Consolagäo-Profils beruht in 
einigen Fällen auf Vergleichsstudien mit rezenten Verwand- 
ten. 


Korallen gelten insgesamt als Carnivoren (Dopp & Sran- 
ton 1981). Ihre Nahrung besteht jedoch nicht nur aus Zoo- 
plankton, sondern auch aus feinem organischem Material 
(KAEsTner 1965), so daß sie teilweise als direkte Nahrungs- 
konkurrenten der filtrierenden Bivalven zu betrachten sind. 


3.2 EPIBENTHONISCHE FAUNEN- 
GEMEINSCHAFTEN 


3.2.1 Korallenbiostrome 


Korallen zählen in vielen Fossilvergesellschaftungen des 
unteren Profilabschnitts zu den häufigeren Faunenelementen, 
in mehreren Schichten stellen sie die dominierende Gruppe 
oder prägen wesentlich das Artenspektrum. Sämtliche Koral- 
lengemeinschaften sind als Korallenbiostrome zu bezeichnen. 
Eine Riff- oder riffartige Entwicklung ist im Profil nicht fest- 
zustellen. Als Biostrome sollen hier Fossilgemeinschaften 
verstanden sein, deren Faunenelemente nur geringfügig in- 
nerhalb des Biotops (vor und nach dem Tod) verfrachtet wor- 
den sind, nur ein geringes Höhenwachstum aufweisen und im 
Gegensatz zu echten Riffstrukturen das Sedimentationsge- 
schehen nur unwesentlich beeinflußt haben. Der Begriff 
„‚Biostrom‘“ stellt durch den zusätzlichen Faktor einer mög- 
lichen, aber geringen Verfrachtung der Faunenelemente ın- 
nerhalb des Biotops (Parautochthonie) eine Erweiterung des 
Begriffes ‚Rasen‘ dar, der hier ım Sinne Voceıs (1963) nur 
auf nachweislich autochthone Faunengemeinschaften ange- 
wendet wird und als spezieller Untertyp des Biostroms aufge- 
faßt wird. 


Die Korallenbiostrome treten bevorzugt in zwei Abschnit- 
ten auf, und zwar an der Profilbasıs unterhalb der Knollen- 
kalkserie und zwischen 50 und 80 m. Sie fallen innerhalb der 
Silt-, Mergel- und Mergelkalkwechselfolge meist durch die 
fazielle Bindung an diagenetisch stärker verfestigte Sedimente 
und die selektive Auswitterung der Korallen aus der Matrix 
auf. Die Bänke heben sich überdies mit einer gelblichbraunen 
Verwitterungsfarbe, die auf feinstverteilte Pigmente oxidier- 
ten Eisens zurückgeht, gegenüber den übrigen, oft grau ge- 
tönten Schichten ab. Soweit die Korallenbiostrome lateral zu 
verfolgen sind, zeichnen sie sich durch gleichbleibende 
Bankmächtigkeiten aus. Sie liegen zwischen 15 und 40 cm. 
Bei 51 m ergibt sich infolge Überlagerung mehrerer, durch 
Mergelfugen getrennter Biostrome eine Gesamtmächtigkeit 
von 1,80 m. Die Bänke mit den Korallengemeinschaften ge- 
hen häufig aus siltigen Mergeln hervor und werden von eben- 
solchen überlagert. 


Es lassen sich drei unterschiedliche Korallenbiostrom- 
Typen voneinander abgrenzen: 
yP 5 


— Biostrome mit höherer Korallendiversität 
— „„Calamophyllia““-Rasen 
— „‚Calamophyllia“-Micropatch-Assemblage 


3.2.1.1 Korallenbiostrome mit höherer Korallendiversität 


Sie zeichnen sich durchwegs durch eine hohe Anzahl an 
Korallenarten und -individuen aus, denen vergleichsweise 
wenige Gastropoden und Bivalven gegenüberstehen. Tabel- 
le 1 gibt einen Überblick über die Faunenverteilung der Ko- 
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Tab. 1 : Korallenbiostrome mit höherer Artendiversität 
Korallen : Ko En K, K, K, Ky morphol. 
Habitus 
"Calamophyllia" (s.l.) +17,6 +14,8 + 8,2 +38,6 +40,0 +25 Y 
Actinastrea furcata +5, 0,5 0,8 +46 k,un,t,2 
Actinastrea ramulifera era + 2A 1 +33 Fe2 K,m,K 
Actinastrea sp.A 0,9 k 
Stylina girodi + 3,4 + 3),6 +7 +72653 ze97 mrk,r 
Stylina decipiens | Or Kk 
Convexastrea sexradiata 23 he 
Cladophyllia sp.A 0,7 Y 
Cyathophora bourgeti Tl + 55,6 m,E£ 
Placophyllia minima + 4,5 el +10,4 +3,99 y% 
Axosmilia crassa 1,2 33, s 
Axosmilia infundibuliformis 273 075 ae | +16,3 s 
Axosmilia excavata +4159 154 2 1843 s 
Axosmilia marcoui 078 288) s 
Axosmilia cuneata 0,6 s 
Rhipidogyra costata 7. £1 
Montlivaltia renevieri 0,5 
Montlivaltia laufonensis 1,74 s 
Montlivaltia sp.A 0,5 s 
Thecosmilia trichotoma 0,4 + 3,1 y4 
Dermosmilia SP. + 5,8 Y 
Epistreptophyllum montis + 5,8 +26,0 s 
Epistreptophyllum commune 17.1 + 351 0,9 s 
Epistreptophyllum typicum + 1,6 +12,3 a s 
Epistreptophyllum tenue + 37,3 0,5 s 
Latomeandra plicata 191 2,2 ns m/Y 
Latomeandra elegans a m/Y 
Microphyllia davidsoni +22, m 
Microphyllia undans 0, m 
Ovalastrea caryophylloides 1,4 m 
Ovalastrea gemmata 191 22 0,5 m 
Thamnasteria pseudarachnoides + 1,9 07:6 on3 m.teK 
Thamnasteria nicoletti 0:3 k,£ 
Acrosmilia frommenteli 0,5 s 
Microsolena agariciformis 057 0,6 Br | m,k,f 
Dermoseris delgadoi 0,8 122 (Y) 
Comoseris helvelloides 01 Bee | m,k 
Comoseris cesaredensis 171 m 
Comoseris Sp.A 03 m 
cf. Meandrarea bonanomii 0,4 m 
Trocharea etalloni 0,6 s 
Koralle gen. et sp. indet.! 0,3 s 
Koralle gen. et sp. indet.2 0,3 Y 
Biralvanıde Lebensweise 
Arcomytilus morrisi | + 8,2 a 1 + 8,8 17,8 EB 3} 
Lycettia sp.A sl EB Ss 
Modiolus beirensis/imbricatus +10,4 +. 5,9 053 12 (T) EB Ss 
Modiolus sp.A 0,3 EB S 
Bakevelliide A + 2,8 045 + 2,6 (T) EB Ss 
Bakevelliide B nal 179 EB S 
Bakevelliide AB + 4,5 +5,6 EB Ss 


Pteroperna Sp.L 
Pteroperna Sp.M 
Pteroperna sSp.N 
Pteroperna gessneri 
Isognomon lusitanicus 
Rostroperna sp.A 
Trichites saussurei 
Nanogyra nana 

Lopha solitaria 
Liostrea sp.A 
Plicatula boischini 
"Ostrea"” lineolata 
Placunopsis suprajurensis 
Nanonavis rustica 
Nicaniella sp.A 


Nicaniella sp.B 


N.(Trautscholdia) supracorallina 


Protocardia sp.A 
Corbulomima suprajurensis 
Caestocorbula Sp. 
Isocyprina (Venericyprina) 
Ceratomya excentrica 
Myophorella muricata 
Dianchora bicornis 


Lithophaga Sp. 


Gastropoden 


Metriomphalus clathratus 
Metriomphalus sp.C 
Metriomphalus sp.D 
Lissochilus sp. 
Nerinea sp.B 
Nerinea sp.C 
Ampullina Sp. 
Ampullospira Sp.A 
zAlarstal Sp. 
Ataphrus Sp. 
Procerithium Sp. 


Nerita bicornis 


Nebengruppen : 


Diplopodia planissima 
Pseudocidaris lusitanicus 
Stachel (Anzahl der Typen) 
Ophiuroideen-Elemente 


terebratulide Brachiopoden 


Stromatoporina choffati 


Calcispongia (2 Arten) 
Hydrozoen-Knollen 


Stomatopora dichotoma 


Plagioecia sp. (s.l.) 


Serpula Sp. 
Spirorbis Sp. 


Zapfella Sp. 
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rallenbiostrome K, - Ks, die mit Ausnahme von K, (bei ca. 
6 m) sämtlich dem Profilabschnitt zwischen 50 und 80 m an- 
gehören. Die Sedimente reichen von leicht feinsandigen, sil- 
tig-tonigen Biomikriten (K,, K;) zu feinsandigen (K;, K,) 
bzw. fein- bis mittelsandigen Kalkmergeln (K;) mit hohem 
Siltanteil in der Matrix. Mit der Zunahme der Sandkompo- 
nente, die im wesentlichen schlecht gerundeter Quarz, unter- 
geordnet Feldspat und andere Mineralien bilden, geht eine 
Erhöhung des Biogen- und Bioklastenanteils und eine Ver- 
dichtung des Gefüges (Wackestone-, Packstone-, Floatstone- 
gefüge) einher. Es bestehen allerdings bereits innerhalb der 
Biostrome teilweise erhebliche Variationen in der Kompo- 
nentendichte, was ım einzelnen auf Phasen unterschiedlicher 
Wasserbewegung, auf die Sedimentfangwirkung der Korallen 
und Mollusken, sowie Bioturbation zurückgeführt werden 
kann. In allen Biostromen finden sich in wechselnden Men- 
gen kleine Lignitstückchen, Algenkrusten (z. T. als Cyano- 
phyceen-Onkoide entwickelt) und geringe Mengen Norma- 
looide. 


Die Biostrome differieren in Artenspektrum und Individu- 
en- bzw. Stockverteilung sehr. Eine Zusammenfassung der 
Einzelbiostrome zu einer oder mehreren Assoziationen ent- 
sprechend der oben gegebenen Definition (s. 3.1.2) ist des- 
halb nicht möglich. 


Häufigster Korallentyp aller Biostrome mit Ausnahme von 
K; ist ein buschiger, phaceloid bis dendroid verzweigender 
Wuchstyp mit Stöcken, die meist 8 bis 15 cm groß sind und 
nur selten 25 cm Höhe erreichen (Abb. 5; Taf. 7, Abb. 1). 
Die Gesamtform des Korallums kann einer Halbkugel glei- 
chen oder bei höhenorientiertem Wachstum der Äste block- 
artigerscheinen. Die Äste laufen von einer kleinen Basıs radial 
nach außen, bei wenigen Exemplaren sind dabei auch parallel 
zum Meeresboden wachsende Äste entwickelt. 


Wie in den ‚„‚Calamophyllia“-Rasen und der ‚Calamophyllia“- 
Micropatch-Assemblage konnte eine Bestimmung nicht immer 
durchgeführt werden. Ein Großteil der phaceloiden Formen läßt sich 
mit Rhabdophyllia varıabılis KoBy 1904, ein Teil mit Calamophyllia 
flabellum BLAINVILLE 1830 (sensu Koßy 1884, 1905) vergleichen. 
Daneben rechtfertigen einige Koralla mit annähernd dendroider 
Wuchsform eine Zuordnung zur Gattung Dermosmilia. Nach WELLS 
(1956) gehören diese Gattungen der Familie Calamophyllüdae 
VAUGHAN & WELLS 1943 an. Rhabdophyllia wird hierbei als Syn- 
onym von Calamophyllia betrachtet. Nach ALLOITEAU (1952, 1957) 
ist der für jurassische Korallen dieses Wuchstyps häufig benutzte 
Gattungsname Calamophyllia känozoischen Korallen vorbehalten. 
ALLOITEAU führt folglich für jurassische Formen die neuen Gattun- 
gen Calamophylliopsis und Calamoseris ein, wobei Calamophyl- 
liopsis der Familie Dermosmilidae KoBy 1887, Calamoseris der 
neuen Familie Latomeandriidae zugerechnet werden (ALLOITEAU 
1952, S. 672). GEYER (1955a) folgt der Revision ALLOITEAUS nur 
teilweise und behält die Gattung Calamophyllia für einen Teil der ju- 
rassischen Formen bei. 


Die Unterschiede zwischen diesen Gattungen berühren vor allem 
den Internbau der Septalapparates und sind am Material des Consola- 
säo-Profils nur selten nachzuvollziehen. Zum einen sind die Stöcke 
aus dem relativ harten Gestein kaum in ihrer Vollständigkeit zu isolie- 
ren, zum anderen bleibt die Erhaltung der Kelchstrukturen bei den 
buschigen Stöcken meist hinter der der anderen Wuchsformen zu- 
rück. Infolge frühzeitiger Auskristallisation der von den Polypen im 
Laufe des Wachstums verlassenen unteren Astabschnitte geben 
Schliffe meist keine Hinweise auf den Septenaufbau. Da auch die Ver- 
zweigungsmuster häufig von der Gesteinsmatrix verhüllt sind, stehen 
i.d.R. nur Durchmesser der Äste und Zahl der Septocostae auf der 
Außenwand der Äste als Bestimmungsmerkmal zur Verfügung. 

Tabelle 1 umfaßt unter ‚‚Calamophyllia‘““ s. 1. nach bisherigen Un- 
tersuchungen mindestens zwei Arten, deren taxonomische Bearbei- 


tung gesondert unter Berücksichtigung der ökologischen Variation 
und unter Einbeziehung von Typusmaterial erfolgen soll. Da in den 
einzelnen Biostromen meist eine dieser Arten dominiert, ist auch 
nach einer Revision dieser Gruppe nur mit einer geringfügigen Er- 
höhung der Diversitätswerte bei Artenzahl (Abb. 21), Evenness 
(Abb. 21) und Rarefaction-Kurve (Abb. 23) zu rechnen. 


Der ‚‚Calamophyllia“-Typ dominiert in allen Biostromen 
mit 15 bis 40% Stockanteilen außer in K; (Epistreptophyllum 
mit 12,3% vor ‚„„Calamophyllia“ mit 8,2%) und K, (Nano- 
gyra mit 25,6% vor ‚‚Calamophyllia‘“ mit 17,6%). 


Von den anderen Korallen mit phaceloider oder dendroider 
Koloniebildung erreicht nur die kleinwüchsige cerioid-pha- 
celoide Placophyllia minima (Abb. 5) Bedeutung. Sie ist in 
den Biostromen K,, K,, K; und K; ım Trophic Nucleus ent- 
halten und wächst überwiegend auf Pteriaceenschalen auf. 
Placophyllia minima wurde in K, und K; nicht beobachtet, 
was vermutlich mit der Seltenheit der Pteriaceen in diesen 
Schichten direkt in Zusammenhang steht. Phaceloide Wuchs- 
form weisen auch Cladophyllia sp. A, dendroide die Arten 
Thecosmilia trichotoma und Dermosmilia sp. A auf. 


Regelmäßige Elemente der Biostrome sind die cerioiden 
bzw. cerioid-plocoiden Gattungen Actinastrea und Stylina 
(Abb. 5). Sie inkrustieren fladenförmig größere Bioklasten 
(A. furcata, seltener A. ramulifera ) und bilden kleine, bis zu 
8 cm große knollig-massige (S. girodi, S. decipiens, A. ra- 
mulıfera, A. furcata ), selten auch ramose Stöcke (A. ramulı- 
fera). 

Die vorliegenden Daten ergeben keine Hinweise, daß eine 
Wuchsform in bestimmten Biostromen bevorzugt erscheint. 
In Ausnahmefällen vermag Stylina girodi Knollen von 25 cm 
Durchmesser und damit die Dimension der großwüchsigen 
‚„ Calamophyllia““-Stöcke zu erreichen. Die Arten der beiden 
Gattungen fallen durch erhebliche Variation in der Gestal- 
tung der Oberfläche auf. Bei Stylina girodi variieren Kelch- 
durchmesser, Kelchabstand und Rundung des Kelchrands. Es 
bestehen daneben kontinuierliche Übergänge zwischen an- 
nähernd cerioiden Formen, beı welchen der Kelchrand mehr 
oder weniger mit der Korallumoberfläche bzw. dem Coeno- 
steum abschließt, und plocoiden Formen mit stärker hervor- 
tretenden Polyparen. Ebenso sind bei den Actinastrea- Arten 
alle Übergänge von eingesenktem Septalapparat und an der 
Oberfläche stark hervortretenden Polyparscheidewänden 
einerseits zu herausragenden Septen ohne sichtbar werdende 
Polyparscheidewände andererseits entwickelt. Die Variatio- 
nen lassen sich bisweilen an ein und demselben Korallenstock 
beobachten und spiegeln unterschiedliche ökologische Be- 
dingungen für die einzelnen Stockpolypen im Mikrohabitat- 
bereich wider. So findet sich die plocoide Kelchbildung bei 
Stylina girodi häufiger in Vertiefungen, Nischen oder an der 
Unterseite der Stöcke, die annähernd cerioiden Muster dage- 
gen bevorzugt an den exponierten Oberflächen. Der Septal- 
apparat der cerioid angeordneten Polypare ist etwas tiefer in 
das Korallum eingesenkt. Der Vorteil dieser Bauweise mag 
darin bestehen, daß sich die Polypen, die an den exponierten 
Stellen des Stocks zwar den optimalen Zugang zum Nah- 
rungsstrom haben, jedoch vermehrt der Gefahr größerer 
Feinde (z. B. Raubfische) ausgesetzt sind, gegebenenfalls tie- 
fer in das Korallum zurückziehen können. 

Die Korallengattungen mit massigem, hügel- bis halbku- 
gelförmigem Gesamthabitus (Microphyllia, Ovalastrea, La- 
tomeandra, Cyathophora, Comoseris) erscheinen in den Bio- 


stromen K,, K>, K; und K;; sie sind dabei mit einigen Arten 
im Trophic Nucleus vertreten. Die Bedeutung am Aufbau der 
Faunengemeinschaft fällt allerdings mit 2,7%, 7,1% und 
7,9% Anteil an der Korallenfauna eher gering aus, lediglich ın 
K, mit hohem Sand- und Bioklastenanteil wächst sie auf 
24,4%. In K, und K;, den beiden Biostromen mit wenig 
Sandbeimengung, fehlt diese Gruppe gänzlich. Neben kuge- 
ligen Kolonien bilden Comoseris und Microsolena auch fla- 
denförmige und knollige Kolonien. 


Korallen mit thamnasteroider und mäandrierender Kelch- 
anordnung (Comoseris, Thamnasteria, Microsolena ) treten ın 
K;, K; und K, auf, in K,, K, und K; fehlt dieser Typ. Tham- 
nasteria ist in den Korallenbiostromen mit den zwei fladen- 
förmig inkrustierenden Arten Thamnasteria pseudarachnoi- 
des und Thamnasteria nicoletti repräsentiert. Die in Mollus- 
kenvergesellschaftungen oberhalb des letzten Biostroms häu- 
fige, ebenfalls flache Krusten bildende Art Thamnasterıa gra- 
cilis fehlt hingegen in den Biostromen. Die von Kopy 
(1904/1905) als Thamnasteria minima beschriebene Art 
(Synonymie s. GEyER 1955a) ist in Portugal bisher nur von 
den jüngeren „‚Oberlusitan“-Schichten auf dem Plateau von 
Cesareda bekannt (CHorrar ın Kosy 1905, $. 156) und ist 
dort an korallenreiche Horizonte gebunden. Ihr Fehlen in 
den Korallenbiostromen von Consolagäo geht daher weniger 
auf ökologische Faktoren zurück, sondern erklärt sich wahr- 
scheinlich mit dem späten Einsetzen der Art innerhalb des 
Lusitanischen Beckens. 


Die einzige Koralle mit ausschließlich ramoser Wuchs- 
form, Convexastrea sexradiata, ist mit mehreren Kolonien in 
Horizonten unterhalb des Forts an der Profilbasıs (darunter 
K,) belegt, oberhalb der Korallenkalkfolge konnte diese Art 
in den individuenreichen Faunen nicht nachgewiesen werden. 
Convexastrea sexradiata läßt sich in anderen Regionen Por- 
tugals zeitlich bis in das Pteroceriano (Oberkimmeridge) ver- 
folgen (Kosy 1904-1905, GEYER 1955a), so daß für die Be- 
schränkung auf die Basishorizonte ökologische, jedoch nicht 
näher ersichtliche Ursachen anzunehmen sind. 


Solitärkorallen sind in allen Biostromen vorhanden, auf sıe 
entfallen in K, und K, 7 bzw. 8%, in K; und K; je etwa 23% 
und in K, und K, jeweils 36% der Korallen. Es liegen vorwie- 
gend Arten der beiden Gattungen Axosmilia und Epistrepto- 
phyllum vor, Montlivaltıa ist nur in einem Biostrom (K,) mit 
wenigen Exemplaren der drei Arten M. renevieri, M. laufo- 
nensis und M. sp. A repräsentiert. Zwei weitere, kleinwüch- 
sige Formen (Trocharea etalloni und eine bisher unbekannte 
schmal-ceratoide Art) finden sich in K;. 


Die Exemplare der Axosmilia- Arten zeichnen sich durch 
eine hohe Mannigfaltigkeit mit trochoiden, turbinaten, fla- 
bellaten und cuneiformen Wuchstypen auf; Axosmilia crassa 
entwickelt zusätzlich discoidal-patellate Formen. Die Unter- 
scheidung von Arten bei dieser Gattung ist schwierig, zumal 
nahezu sämtliche Wuchstypen in einem Biostrom (Ks) ne- 
beneinander dokumentiert sind. Dies spricht eher für eine 
enorme Variationsbreite einer oder weniger Arten als für die 
große Anzahl der bisher in der Literatur unterschiedenen Ar- 
ten. GEYER (1954) erklärt die große Variabilität solitärer For- 
men damit, daß sie die Umweltbedingungen allein bewältigen 
müssen, während beı den kolonialen Formen die einzelnen 
Polypare nur einen Teil der Umwelteinwirkung verarbeiten 
und die äußere Gestaltung der Polypare deshalb kaum verän- 
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dert werden muß. Das Vorkommen der verschiedenen 
Wuchsvariationen in einem Horizont schließt jedenfalls die 
Möglichkeit aus, daß die einzelnen Wuchsformen Anpassun- 
gen an bestimmte hydrodynamische Bedingungen darstellen, 
wie dies von rugosen Korallen bekannt ist (BIRENHEIDE 1978). 
Im Gegensatz zu den paläozoischen Solitärkorallen bildet 
Axosmilia ın den Consolagäo-Schichten auch keine mono- 
typischen Assoziationen. Die unregelmäßige Häufigkeit von 
Axosmila ın den einzelnen Biostromen (2,9%, 0,5%, 1,9 %o, 
5,1%, 41%, 2290) steht offensichtlich nicht in Zusammen- 
hang mit den generellen Sedimentations- und Substratbedin- 
gungen der Korallenbiotope. Sie läßt vermuten, daß die 
Axosmilia innerhalb der Biostrome lokal - vielleicht ähnlich 
Montlivaltia und Stylophylliopsis obertriadischer Riffkom- 
plexe (SCHAFER 1979, S. 133) in kleinen muldenartigen Vertie- 
fungen - ihre günstigsten Lebensbedingungen vorfanden. Die 
Verbreitung der Gattung über die Korallenbiostrome hinaus 
in zahlreichen Molluskengemeinschaften weist jedenfalls auf 
geringe Empfindlichkeit gegenüber Wasserenergie, Sedimen- 
tation und interspezifische Konkurrenz hın. 


Die Gehäuse von Axosmilia sind nach außen durch eine 
kräftige Epithek geschützt, so daß eine rasche Zerstörung 
etwa durch Rollen bei stärkeren Strömungen oder durch Tä- 
tigkeit von Mikrobohrorganısmen (clionide Bohrschwämme) 
weitgehend verhindert wurde. Die Axosmilia- Arten dürften 
zumindest in den adulten Stadien Liegeformen gewesen sein. 
Die relativ spitz zulaufende, häufig abgebrochene Basis sowie 
in diesem Zusammenhang auch die Größe und das Gewicht 
lassen kaum eine andere Möglichkeit erkennen. 


Abb. 6: Epistreptophyllum commune mit breiter Basis; häufig fin- 
den sich die Reste der Basıs auf Bivalvenschalen. Natürliche Größe. 


Epistreptophyllum tritt mit zwei flabellat-turbinaten Arten 
(E. montis, E.commune) und zwei zylindrisch-trochoiden 
Arten (E. typicum, E.tenne ) auf; größere Bedeutung erreicht 
von ihnen Epistreptophyllum typicum, die die Korallenfauna 
aus K; dominiert und zusammen mit Ampullospira supra- 
jurensis eine reine Molluskenassoziation anführt (s. 3.2.2). 
Sämtliche Arten benützen als Hartsubstrat bevorzugt die 
großflächigen Schalen von Pteraceen (z. B. Pteroperna ), wo- 
von Reste der Basalplatten auf den Schalen zeugen. Einige 
vollständiger erhaltene Exemplare von Epistreptophyllum 
montis und Epistreptophyllum commune mit den nach unten 
sich verbreiternden Basisabschnitten deuten auf eine auf- 
rechte Lebendstellung hin (Abb. 6). 
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Es ist jedoch wahrscheinlich, daß die Epistreptophyllum- 
Arten in fortgeschrittenen Wachstumsstadien von der Basis 
abbrachen oder zusammen mit dem Sockel umkippten und 
anschließend als Liegeform weiterleben konnten. Darauf wei- 
sen Änderungen und Wechsel in der Wachstumsrichtung ins- 
besondere bei Epistreptophyllum typicum und Epistrepto- 
phyllum tenne hin (Abb. 11). Die äußere Form von Epistrep- 
tophyllum war offensichtlich aufgrund des Skelettbaus mit 
perforaten Septen genetisch nicht zu sehr fixiert, der Polyp 
konnte also neues Skelettmaterial anlagern, so daß der Kelch 
stets in günstigster Lage zu Nahrungsstrom und Licht ausge- 
richtet war. Die Korrektur der Wachstumsrichtung zum 
Licht deutet eine aktive Unterstützung durch symbiontisch 
im Polypengewebe lebende Dinoflagellaten hin. Bei Axosmi- 
lia, deren Skelett aus imperforaten Septen besteht, ist eine 
derartige Änderung der Wachstumsrichtung nicht festzustel- 
len. 


Die einzige Koralle mit flabellater Kolonieanordnung, 
Rhipidogyra costata, ist außer in K; in einigen Horizonten 
unterhalb der Knollenkalkserie mit wenigen Exemplaren be- 
legt. 


Lebendstellung tritt in den Korallenbiostromen mit höhe- 
rer Artendiversität eher zufälligauf, in K, und K; überwiegen 
bei „Calamophyllia“ mehr oder weniger aufrechtstehende 
Stöcke. 


Korallen benötigen stets ein Hartsubstrat, auf dem die Lar- 
ven siedeln können. Sieht man von Placophyllia minima ab, 
deren bevorzugte Basıs die Schalen von Pteriaceen sind, läßt 
sich bei keiner Korallenart eine Bevorzugung bestimmter 
Hartsubstrattypen feststellen. Der Aufwuchs scheint zufällig 
und entsprechend dem verfügbaren Material stattgefunden zu 
haben. Der Aufwuchs von Korallen auf anderen Korallen 
oder größeren Mollusken ist selten und erfolgte stets post- 
mortal. Beispiele hierfür sind Actinastrea furcata, Actinastrea 
ramulifera, Thamnasteriannicoletti, Placophyllia minima, Sty- 
lına girodi, Microsolena agariciformis. 


Bemerkenswert ist, daß bis auf zwei Formen (Latome- 
andra elegans, Microsolena agariciformis) sämtliche Arten, 
die in den Korallenbiostromen dominieren und dem Trophic 
Nucleus angehören, auch in anderen Faunengemeinschaften 
des Profils auftreten, also nicht auf die Biotopbedingungen 
der Korallenbiostrome beschränkt sind. Arten, die aus- 
schließlich in den Korallenbiostromen beobachtet wurden, 
erlangen keine wesentliche Bedeutung. 


Der Individuenanteil der Bivalven schwankt in den Bio- 
stromen zwischen 9% (K;) und 57% (K,). Es sind überwie- 
gend epibenthonische, byssat fixierte Formen aus den Grup- 
pen Mytilaceen und Pteriaceen, die auch gelegentlich am Tro- 
phic Nucleus beteiligt sind (Arcomytilus morrisi, Modiolus 
imbricatus, Pteroperna sp. L, Bakevellüide ssp., Rostroperna 
sp. A (Taf. 7, Abb. 2)). Individuen dieser Arten, insbeson- 
dere von Arcomytilus morrisi und Modiolus imbricatus, un- 
terscheiden sich von den auf Weichbodensubstraten siedeln- 
den Formen der gleichen Art durch eine größere Schale. Die 
geringe Wuchsgröße der Weichbodenformen dürfte eine An- 
passung an das instabile und wenig tragfähige Sediment sein. 
Zu den häufigeren epibenthonischen Muscheln zählen Au- 
stern (Nanogyra nana, Liostrea sp. A, Lopha solitaria ), die 
abgestorbene Korallen und Molluskenschalen überwachsen. 
Nanogyra führt nach der Individuenzahl das Biostrom Kan, 


ein Großteil der Individuen sitzt dabei in kleinen Kolonien 
auf Schalen der Pinnen-Verwandten Trichites saussurei. 


Endobenthonische, im Sediment grabende Muscheln sind 
im allgemeinen nur mit wenigen Exemplaren repräsentiert, 
was insbesondere auf die im Vergleich zu den Weichböden 
erhöhte Substratkonsistenz zurückgeht. Die hohen Anteile 
an Infauna und epibyssaten Bivalven in K, bei gleichzeitiger 
Abnahme der Korallendiversität stellen eine Ausnahme dar 
und weisen in diesem Fall auf weniger tragfähiges Substrat 
hin. 

Die Bohrtätigkeit lithophager Bivalven, in Tab. 1 nur se- 
miquantitativ erfaßt, ist in fast allen Biostromen zu beobach- 
ten. Sie beschränkt sich dabei stets auf Biogene und belegt 
damit ein Substrat, das zur Zeit der Korallenbesiedlung keine 
wesentliche karbonatische Verfestigung aufwies. 


Von den Bivalven der Korallenbiostrome treten die meisten 
individuenreicheren Formen auch in anderen Faunengemein- 
schaften auf. Als typische Korallenbiostromarten können le- 
diglich Pteroperna gessneri, Rostroperna sp. A, Nanonavis 
rustica und Dianchora bicornis gelten; bevorzugt in dieser 
Fazies kommen Pteroperna sp.L und Modiolus imbricatus 
vor. 


Von den Gastropoden erscheinen die meisten Arten eben- 
falls in anderen Faunengemeinschaften. Nur Nerinea sp.C, 
eine schmale hochgewundene Nerineen-Verwandte bleibt auf 
die Korallenfazies beschränkt. Charakteristischer Gastro- 
pode der Fazies ist der Trochide Metriomphalus clathratus (= 
Chilodonta clathrata ), eine aus anderen jurassischen Koral- 
lenriffgebieten bekannte Schnecke (MüLL£r 1965, $. 38), die 
ähnlich den rezenten Verwandten der Gattung Trochus ver- 
mutlich Algenfilme abweidete. In zwei weiteren Metriom- 
phalus- Arten äußert sich gleichfalls die Affinität dieser Gat- 
tung zu Korallengemeinschaften. 


Die weiteren Schnecken verteilen sich gleichmäßig auf die 
einzelnen Biostrome; eine Konzentration ist lediglich bei K, 
festzustellen. Mit ‚„Alaria“ sp.B und den Naticiden Ampul- 
lina und Ampullospira treten hier Formen auf, die z. T. im 
Sediment leben und dort nach Nahrung suchen. Da auch Ne- 
rinea sp.B und Procerithium meist mergelig-siltige Sedi- 
mente mit Weichbodencharakter bewohnen, deuten sowohl 
die Gastropodenfauna als auch die Bivalven von K, auf relativ 
geringe Substratstabilität. 


Die Größe der Gastropoden weist keine merklichen Unter- 
schiede zu denen anderer Biotope auf. Es handelt sich aus- 
schließlich um kleinwüchsige Formen mit Schalenlängen zwi- 
schen 0,5-1 cm (Metriomphalus, Lissochilus, Ataphrus, Am- 
pullospira) und 1,5-2,5 cm (Nerinea sp.B, Ampullina, Ne- 
rıta bıicornis, Procerithium). 

Die als Nebenfaunenelemente zusammengefaßten Makro- 
benthosgruppen Echinodermaten, Brachiopoden, Poriferen, 
Bryozoen und Hydrozoen zeigen in den Korallenbiostromen 
ihre größte Entfaltung innerhalb des Profils, ohne jedoch in 
einem der Biostrome wesentliche Bedeutung am Aufbau der 
Faunengemeinschaft zu erlangen. 


An Echinodermaten kommen gelegentlich die beiden 
hemicidaroiden Seeigel Diplopodia planissima und Psendocı- 
darıs lusitanicus vor. Die Anzahl verschiedener Stacheltypen 
läßt allerdings auf eine etwas höhere Artendiversität dieser 
Gruppe schließen. In zwei Biostromen (K;, K;) finden sich 


vereinzelt Skelettelemente von Schlangensternen. Die Echi- 
nodermaten sind neben den Gastropoden die einzigen fossil 
überlieferten Elemente des vagilen Epibenthos. Rückschlüsse 
auf Nahrung und Ernährungsweise dieser Gruppe sind kaum 
möglich, zumal ihre rezenten Vertreter vielfältige Nahrungs- 
spezialisten hervorgebracht haben (PurcHon 1977) und in den 
Algenfilmen und Tierarten der Korallenbiostrome ein viel- 
schichtiges Angebot tierischer und pflanzlicher Nahrung zur 
Verfügung stand. 


Brachiopoden sind nur in einem Biostrom (Ks) mit weni- 
gen Exemplaren einer kleinen terebratuliden Art (,, Terebra- 
tula“ cf. bieschidensis ) repräsentiert. Die gleiche Art tritt et- 
was häufiger und zusammen mit zwei weiteren Terebrateln in 
den ‚‚Calamophyllia‘“-Rasen auf. Die Terebrateln scheinen 
hierbei direkt an die buschigen Korallentypen gebunden zu 
sein. 


Den Brachiopoden stehen nur sekundäre Hartsubstrate in 
Form von Molluskenschalen und Korallenstöcken zur Verfü- 
gung. Von diesen stellen wiederum nur die phaceloid-den- 
droiden Wuchstypen zusätzliche Siedlungsnischen. So bieten 
die „„Calamophyllia“-Stöcke an ihrer Unterseite und einge- 
schränkt zwischen den Ästen die dunklen und geschützten 
Nischenplätze, die in artenreichen Flachwasserbiotopen von 
Konkurrenten der Brachiopoden, insbesondere von photo- 
philen Arten (Korallen) und größeren Mollusken, gemieden 
werden und somit den Brachiopoden als Rückzugsräume zur 
Verfügung stehen (Locan 1979). 


Die Brachiopoden sprechen für ein Milieu mit eher geringer 
oder mäßiger Wasserbewegung sowie niedriger Sedimenta- 
tionsrate (LOGAN 1979). 


Poriferen sind nur in zwei Biostromen (K,, K;) mit wenı- 
gen, auf abgestorbenen Korallen und Mollusken aufwachsen- 
den Arten belegt. Neben einer kleinen, wenige Millimeter 
großen, röhrenförmigen Calcispongierart sind zwei nicht nä- 
her bestimmte Arten mit Astrorhizensystemen und stark hö- 
henorientiertem Koloniewachstum vorhanden. Eine der bei- 
den Formen steht Stromatopora choffati DEHORNE (DEHORNE 
1918, 1920) nahe. Diese von Kunn (1928) und LECoMPTE 
(1952, 1956) der Gattung Stromatoporina, von Hupson 
(1960) der Gattung Dehornella zugewiesene Art zählt zu der 
Gruppe der Stromatoporen, die nach StEarn (1966, 1972, 
1975) Merkmale der Sclerospongia aufweisen und den Porife- 
ren zugerechnet werden müssen. 


Die rezenten Vertreter der Sclerospongier leben fast aus- 
schließlich in dunklen und ruhigen, vor Sediment geschützten 
Biotopen; sie zählen daneben zu den Hauptgerüstbildnern 
innerhalb von Rıiffnischen, in die sie von der Konkurrenz der 
Seleractinier zurückgedrängt werden (Dustan et al. 1976). 
Derartige Verhältnisse treffen für die Korallenbiostrome 
nicht zu, die sich im Gegenteil durch eine Armut an freien Ni- 
schen auszeichnen. Die Schwämme wachsen auf ungeschützt 
am Meeresboden liegenden Schalenresten und stehen in di- 
rekter Nahrungskonkurrenz zu anderen Organismen, was 
sich in dem betont höhenorientierten Wachstum der säulig 
aufrecht wachsenden Kolonien andeutet (Tayıor 1979b). Der 
Aufwuchs größerer Kolonien (Höhe 8cm) auf kleinen Exem- 
plaren der leicht rollenden Solitärkoralle Axosmilia weist auf 
relativ geringe Beeinträchtigung des Wachstums durch Was- 
serbewegung hin. 
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Wie die Schwämme bleiben die Hydrozoen auf Korallen- 
gemeinschaften beschränkt. Es tritt gelegentlich eine inkru- 
stierende Art mit flach-kuppelförmigen Kolonien oder kuge- 
ligen Knollen auf. 


Häufig sind diskoidale Bryozoen des Plagioecia/ Bereni- 
cea-Typs (Plagioecia ct. typıca, P. sauvageı, P. dılatata ). Sie 
inkrustieren hauptsächlich Innen- und Außenseiten von Pte- 
riaceenschalen. Der Bewuchs ist meist postmortal erfolgt. 
Seltener finden sich die Kolonien auf Korallen; kleinmaschige 
Kelchbereiche z. B. von Actinastrea furcata werden dabei 
erst überwachsen, wenn die Kelche infolge Karbonatanlage- 
rung durch Algen bzw. Cyanobakterien verfüllt und einge- 
ebnet sind. 


In zwei korallenreichen Horizonten, darunter K,, er- 
scheint mit Stomatopora dichotoma gelegentlich eine weitere 
inkrustierende cyclostome Bryozoe, deren Kolonien jedoch 
uniserial verzweigt angeordnet sind. Die beiden Gattungen 
Stomatopora und Plagioecıa/ Berenicea treten in Juragestei- 
nen häufig zusammen auf, wobei andere Bryozoen-Wuchs- 
typen meist ausgeschlossen sind (Tayıor 1979a, b, WALTER 
1969). Die gegenüber dem Berenicea-Typ geringe Häufigkeit 
von Stomatopora-Kolonien in den Korallenbiostromen 
scheint vor allem mit dem Mangel an größeren, für die Aus- 
breitung der uniserialen Kolonien notwendigen Hartsubstra- 
ten in Zusammenhang zu stehen. Den Plagioecien genügen 
aufgrund des hohen Integrationsgrades der Koloniebildung 
mit engstehenden Zoecien die vorhandenen kleinen Flächen 
(Tavyıor 1979a). Diese Bauweise bietet den diskoidalen Pla- 
gioecia-Kolonien neben einer besseren Platzausnutzung 
Schutz vor Konkurrenten und mindert die Gefahr eines Auf- 
wuchses anderer Epibionten. 


Stomatopora gilt im Gegensatz zu Berenicea als opportu- 
nistische Form bzw. r-Stratege (PıankA 1970), der rasch und 
individuenreich neu geschaffene Hartsubstrate besiedeln 
kann (z. B. nach Sturmereignissen) und dann in der Folgezeit 
bei gleichbleibenden Biotopbedingungen allmählich von K- 
Strategen (z. B. Berenicea) ersetzt wird. Das Häufigkeits- 
verhältnis Stomatopora/Berenicea kann deshalb den Grad der 
Stabilität eines Biotops und der entsprechenden Communi- 
ty-Struktur mit anzeigen (Tayıor 1979a). Das Vorherrschen 
von Berenicea/Plagioecia und die Armut an Stomatopora di- 
chotoma-Kolonien dürfte somit unter anderem auf die eher 
gleichmäßigen und wenig gestörten Biotopbedingungen zu- 
rückgehen, die auch in der generell hohen Faunendiversität 
der Korallengemeinschaften (Abb. 21,23) und dem ausgegli- 
chenen Verhältnis unter den konkurrierenden Formen des in- 
krustierenden Epibenthos (Austern, Serpeln, Bryozoen, Al- 
gen) zum Ausdruck kommt. 


Das Fehlen weiterer Bryozoengattungen ist außer auf den 
Mangel an Hartsubstraten und die für Flachwasserbereiche 
charakteristische Konkurrenzsituation wahrscheinlich auch 
auf die im gesamten Profil mehr oder weniger ausgeprägte to- 
nig-siltige Sedimentation zurückzuführen. Bryozoen reagie- 
ren darauf allgemein mit einer abrupten Verminderung der 
Artenvielfalt (WALTER 1969, S. 284). 


Die Faunenelemente und Bioklasten weisen in unterschied- 
lichen Ausmaßen Umkrustung durch Cyanophyceen (Gir- 
vanella minuta) auf. Stellenweise häufiger sind Girvanella- 
Onkoide mit runzeliger und blumenkohlartiger Oberfläche 
und geringem Rundungsgrad. Sie sind kaum größerer Um- 
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lagerung ausgesetzt gewesen und entstanden in den Biostro- 
men selbst oder in direkt benachbarten Bereichen durch Um- 
krustung von Bioklasten. Aus Schliffen geht hervor, daß die 
Rotalge Marinella lugeoni ebenfalls untergeordnet auftritt. 


Wie in den „„Calamophyllia““-Rasen sind die ‚‚Calamo- 
phyllia“-Stöcke weit weniger von Umkrustungen betroffen 
als andere Korallentypen. Da Polypen phaceloid-dendroider 
Stöcke Aufwuchs nur in den unmittelbaren Bereichen unter- 
halb der Astenden abwehren können, dürfte die Entstehung 
von Algenfilmen und anderer Bewuchs von fossil nicht erhal- 
tungsfähigen Organismen (z. B. Fische, Gastropoden) ver- 
hindert worden sein. 


Gesamtdiskussion 


Die Horizonte mit den Korallenbiostromen K, bis K; 
zeichnen sich durch hohe Gehalte an anorganischen und bio- 
genen Klastika aus, so daß gelegentlich der Eindruck einer 
Fossilschuttanhäufung entsteht. Die Korallenfaunen können 
jedoch zweifelsfrei als autochthone oder parautochthone 
Gemeinschaften betrachtet werden. Dies ist ersichtlich aus 
dem zum Teil ausgezeichneten Erhaltungszustand der Fossi- 
lien, der Lebendstellung einzelner Formen, dem Fehlen jegli- 
cher Korngrößensortierung unter den Bioklasten und der 
Homogenität des Faunenbestandes, der überwiegend epiben- 
thonische Organismen enthält. 


Auch die Beständigkeit der Horizontmächtigkeit spricht 
eher für in-situ-Verhältnisse als für eine Zusammenschwem- 
mung der Korallenfaunen aus anderen Biotopen. Hierbei 
wäre eine deutliche Mächtigkeitsabnahme mit der Entfernung 
vom Schüttungsgebiet und eine Vermischung unterschied- 
licher Faunenelemente zu erwarten. 


Das Spektrum der Bioklasten entspricht dem der Gesamt- 
fauna. Der hohe Fragmentationsgrad ist deshalb vorwiegend 
auf Bioerosion zurückzuführen. 


Zwischen den Biostromen bestehen zwar vergleichsweise 
geringe Unterschiede in Artenspektrum, Häufigkeits- und 
Wuchstypenverteilung (Abb. 7), diese sind dennoch so mar- 
kant, daß eine Zusammenfassung der Gemeinschaften zu 
einer oder mehreren Assoziationen ähnlich den Mollusken- 
assoziationen nicht möglich ist. Die Unterschiede sind sicher- 
lich mit durch die kleineren Aufschlußflächen mitbedingt, die 
jeweils nur kleine Ausschnitte der ehemals heterogen verteil- 
ten Korallenfauna wiedergeben. Die Differenzen dürften ım 
wesentlichen jedoch bereits primär bestanden haben und auf 
die Einwirkung abiotischer Faktoren (Wasserenergie, Sub- 
strat, Sedimentation), eventuell auch auf biologische Kon- 
trolle (etwa Beeinflussung des sessilen Epibenthos durch va- 
gile Räuber, z. B. Raubfische, vgl. Kaurman 1977, VINE 
1974) zurückgehen. 


Die (pal-J)ökologische Interpretation von Korallengemein- 
schaften beruht in der Regel auf der Auswertung der Koral- 
lenwuchsformen, des Septenaufbaus und der Kolonieanord- 
nung, da diese Merkmale oft in Abhängigkeit von den gerade 
herrschenden abiotischen Milieubedingungen entwickelt 
werden. So können Abfolgen von Wuchstypen-Vergesell- 
schaftungen gleichzeitig Hinweise auf physikalisch-chemisch 
bedingte Zonierungen eines Biotops geben (Weis 1956, Bı- 
RENHEIDE 1962a, b, STRUVE 1963). 

Die Korallenbiostrome von Consolagao werden von Stök- 
ken mit phaceloid-dendroider Wuchsform geprägt (31-80 % 


der Korallen). Dieser Wuchstyp wird allgemein mit eher 
niedriger oder mäßig hoher Wasserbewegung in Verbindung 
gebracht (VAUGHANn & WeLıs 1943, GEYER 1954, 1958, Dopn 
& Stanton 1981, WiJsMman-Best 1974) und läßt die Biostrome 
insgesamt als eher niedrigenergetische Bildungen erscheinen. 
Die Empfindlichkeit der Wuchsform gegenüber stärkerer 
Strömung beruht vor allem auf dem Umstand, daß die Basis 
der Stöcke sehr klein ist. Bei großer Angriffsfläche des Koral- 
lengeästes genügen deshalb geringfügig überhöhte Wasser- 
strömungen, um den Stock umkippen zu lassen (JACKSON 
1979). Entsprechend der Dominanz von Ruhig-Wasser- 
Wuchstypen treten die charakteristischen Formen turbulen- 
ter Bereiche, nämlich massig-halbkugelförmige Kolonien 
(Ovalastrea, Latomeandra, Cyathophora, Microphyllia ), 
etwas zurück (Abb. 7). Sie fehlen gänzlich ın den Biostromen 
K, und K;, in denen die ‚„‚Calamophyllia“-Stöcke höhere 
Anteile besitzen; umgekehrt erreichen die Gattungen ihr Ma- 
ximum (24,2%) bei gleichzeitigem Rückgang der phaceloiden 
Stöcke in Biostrom K;, das sich durch besonders hohen Sand- 
und Bioklastengehalt auszeichnet und ein etwas höheres 
Energieniveau als die anderen Biostrome widerspiegelt. Aus 
Abb. 7b geht allerdings keine stetige Korrelation zwischen 
Häufigkeit der ‚‚Calamophyllia“-Stöcke und der der massi- 
gen Wuchsformen hervor, so daß neben der Wasserenergie 
noch weitere Faktoren für das Auftreten unterschiedlicher 
Wuchstypen verantwortlich sind. 


Nach Geyer (1958, Tab. 1) bestehen die Korallenfaunen 
ruhiger, lagunärer Biotope etwa aus 30-45 % massigen, 
30-45% solitären und ramosen sowie 20-33% dendroiden 
und foliosen Korallen. Diese Werte werden in den Consola- 
cäo-Biostromen durchwegs zugunsten der Ruhig-Wasser- 
Korallen verschoben (30-80% dendroid-phaceloider, 8-36 Y0 
massige und 7-36% solitäre Formen). Auch das Verhältnis 
von Korallen mit perforaten zu solchen mit imperforaten Sep- 
ten (Abb. 8), das in höher energetischen (Riff-)Bereichen auf 
seiten der Korallen mit perforaten Septen liegt (WEııs 1956, 
Geyer 1954, S. 200), läßt für die Consolagao-Biostrome mit 
hohen Anteilen imperforater Korallen ein energiearmes Mi- 
lieu einer Lagune, einer geschützten Bucht oder eines küsten- 
nahen Schelfbereichs vermuten. Bemerkenswerterweise ent- 
fällt von den perforaten Korallen ein wesentlicher Teil auf die 
„Calamophyllia“-Stöcke, die aufgrund ihrer Wuchsform 
ebenfalls ruhiges Milieu indizieren. 


Berücksichtigt man den hohen Sandgehalt in K,, so ist ein 
insgesamt geringes bis mittelhohes Energieniveau für die Bio- 
strome wahrscheinlich, was dem Index Iund vor allem II von 
Pıumıey et al. (1962) entspricht. 


Gestein und Fauna lassen nur relativ wenige Rückschlüsse 
auf die Wassertiefe zu, in der die Korallenfaunen siedelten. 
Die Tiefenverteilung rezenter Korallenarten hängt vielfach 
von einer Symbiose mit Zooxanthellen ab, die für die Assimi- 
lation Licht benötigen. Die Zooxanthellen sitzen im Ento- 
derm der Polypen (Werıs 1956, SCHUMACHER 1976) und hin- 
terlassen deshalb im Skelett keine paläontologisch eindeutig 
auf die Algen rückführbare Strukturen. Mit dem Ausbleiben 
einer Riffentwicklung im Consolagäo-Profil fehlen auch typi- 
sche Großstrukturen, in denen der Vorteil hermatypischer, 
symbiontisch mit Zooxanthellen zusammenlebender Koral- 
len deutlicher zum Ausdruck kommt (YonGeE 1963, PEARSE & 
Muscarine 1971). 


Verteilung der Korallen-Wuchstypen 
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Abb. 7: Verteilung der Korallen-Wuchstypen phaceloid-dendroid, massig-knollig, massig-hügel-/halb- 
kugelförmig, solitär und sonstige in den Korallenbiostromen K,-K;. a) Reihenfolge der Biostrome entspre- 
chend der Profilabfolge; b) Reihenfolge der Biostrome entsprechend der Häufigkeit der phaceloid-dendroi- 
den Wuchsformen 


Verteilung der Korallen mit perforaten und imperforaten Septen 
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Abb. 8: Verteilung der Korallen mit perforaten und imperforaten Septen in den Korallenbiostromen 
Ko-K;. In allen Biostromen überwiegen Korallen mit imperforaten Septen bzw. phaceloid-dendroider 
Wuchsform, die beide ein ruhiges Milieu anzeigen. 
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Weııs (1956, 1957c) zufolge geht die erhöhte Kalkaus- 
scheidung der Polypen durch die Edge-Zone, die auch für die 
Entwicklung des Coenosteums verantwortlich ist, direkt auf 
die Mitwirkung der Algen zurück. Werıs schreibt deshalb 
unter anderem den Gattungen Stylina und Actinastrea, die in 
allen Biostromen vorhanden sind, hermatypischen Charakter 
zu. Demnach ist für sämtliche Biostrome eine Entstehung in 
der photischen Zone anzunehmen. Nach CoAtEs & OLiver 
(1973) deutet insbesondere der Integrationsgrad der Polypen 
auf hermatypischen Charakter hin. So sind die Wuchsformen 
meandroid, thamnasteroid und hydnophorid ausschließlich 
bei hermatypischen Korallen entwickelt. Diese Wuchsfor- 
men sind bei den Gattungen Comoseris, Microsolena, Micro- 
phyllia, Thamnasteria und Meandrarea in den Korallenbio- 
stromen verwirklicht. Sie erscheinen allerdings nur in den 
Biostromen K,, K;, K,, fehlen dagegen in K,, K; und dem ba- 
salen Biostrom K,. Während in den sandarmen Biostromen 
K, und Ks geringe Substratstabilität und hohe Wassertrübung 
infolge suspendierten Materials das Fehlen thamnasteroider 
und mändrierender Formen erklären, liegen in K, ähnliche 
Verhältnisse vor wie in den höheren, sandigen Korallenbio- 
stromen. 


Es erscheint als Grund für die Abwesenheit hochintegrier- 
ter Korallen in K, eine größere Wassertiefe möglich; auf sie 
weisen auch zahlreiche Schwammnadeln in einem ‚,Calamo- 
phyllia“-Rasen unterhalb von K, hin. Der Nachweis einer 
größeren gut erhaltenen Knolle der mäandrierenden Form 
Comoseris frondescens in diesem Profilabschnitt schließt al- 
lerdings größere Tiefendifferenzen zwischen den Biostromen 
an der Basis und denen oberhalb der Knollenkalkserie aus. 


Im Zusammenhang mit dem hohen terrigenen Einfluß in 
Form von glimmerigem und feinsandigem Detritus, der mit 
Sicherheit auch in den höher diversen Korallenbiostromen 
K>-K; zu einer Verminderung der Durchlichtung geführt 
hat, sind Wassertiefen unterhalb von 30 bis 40 Meter für die 
Korallenbiostrome von Consolagäo sehr unwahrscheinlich 
(vgl. Weııs 1957a, b). 


Eine Eingrenzung der Tiefenangabe in Richtung zur Was- 
seroberfläche hin ist ebenfalls nur eingeschränkt möglich. Die 
siltig-tonige Gesteinsmatrix weist niemals Auswaschungs- 
effekte auf, auch fehlen Hinweise auf eine Größensortierung 
der Bioklasten. Sieht man von der Ausfüllung interner Koral- 
lenhohlräume mit Blockkalzit ab, findet man auch keine se- 
dimentär oder diagenetisch bedingten Hohlraumverfüllun- 
gen, noch Zemente, die eine Entstehung im Gezeiten- und 
Wellenbereich andeuten (FLüceı 1978). Trotzdem sınd auf- 
grund des generell sicher ruhigen Ablagerungsmilieus auch 
geringe Wassertiefen von wenigen Dezimetern oder Metern 
nicht auszuschließen. 


Charakteristisch für alle Biostrome ist die geringe Größe 
der Korallen sowie die Tatsache, daß die Korallen auf dem 
Substrat i.d.R. nebeneinander siedeln. Abgesehen von Be- 
wuchs durch fladenförmige, meist thamnasteroide Korallen- 
formen, ist ein Korallenaufwuchs auf anderen größeren Or- 
ganismen und ein damit verbundenes merkliches Höhen- 
wachstum nicht zu beobachten. Dies kann als Folge der ge- 
ringen Substratfestigkeit erklärt werden, die ein bedeutendes 
Höhenwachstum oder gar eine Riffentwicklung verhinderte. 
Auffallend ist, daß die „‚Calamophyllia“-Stöcke in den ein- 
zelnen Horizonten jeweils eine bestimmte Größe nicht über- 


schreiten und die Rate der umgestürzten Stöcke bei den größ- 
ten Stöcken überdurchschnittlich hoch ist. Offensichtlich 
also wird die Größe durch die Substratstabilität und die Was- 
serenergie kontrolliert. 


Die größte Stabilität ist für das Sediment von K; mit hohem 
Sandgehalt anzunehmen (FUCHTBAUER & MULLER 1977). Die 
für Epibenthonten vorteilhaften Substratbedingungen führen 
hierbei zu einer hohen Artenzahl und Diversität (D= 16,4). 
Im Gegensatz hierzu sind die Horizonte K, und K; mit gerin- 
gerer Sandbeimengung als relativ instabile Substrate zu be- 
zeichnen. Dies ist vor allem ın der außergewöhnlich hohen 
Beteiligung endobenthonischer Bivalven (Nicaniella, Myo- 
phorella) und semi-infaunaler Gastropoden (,,Alaria“, Am- 
pullina) ersichtlich; auch die steigende Anzahl epibyssater 
Muscheln (Arcomytilus, Modiolus, Bakevelliiden) ist eher ty- 
pisch für relativ wenig verfestigte Meeresböden. Die beiden 
Horizonte weisen unter den Korallenbiostromen die niedrig- 
sten D-Werte auf (8,0; 5,2) und liegen mit diesen Werten in 
nächster Nähe der Molluskengemeinschaften, die von epibys- 
saten Bivalven dominiert werden (Abb. 21). Die Biostrome 
K; und K, nehmen sowohl hinsichtlich der erwarteten Sub- 
stratstabilität als auch der Diversitätswerte eine mittlere Posi- 
tion ein. Die Abfolge spiegelt insgesamt eine deutliche Ab- 
hängigkeit der Faunendiversität von der Substratstabilität wi- 
der, wenngleich die D-Werte nicht absolut den Grad der Bo- 
denfestigkeit wiedergeben. 


Dieser Trend läßt sich aus den Rarefactionkurven nicht ab- 
lesen (Abb. 23). Die Kurven für K,, K; und K; verlaufen 
nahe beieinander und zeigen lediglich die generell hohe Di- 
versität der Korallenbiostrome an. Die geringe Differenzie- 
rung der Rarefactionkurven betrifft ausschließlich die Kurven 
der Korallenbiostrome und liegt in dem ungünstigen Verhält- 
nis von Individuen- zu Artenzahl der Proben begründet. Die 
geringe Individuenzahl führt dazu, daß Steigung und Wende- 
punkt der Kurven nicht ausreichend definiert sind. 


Die geringe Substratkonsistenz dürfte im wesentlichen eine 
Folge der ständigen Sedimentation feinklastischen Materials 
sein. Mit dieser Situation werden am besten die ästigen, pha- 
celoid-dendroiden Korallen fertig, da sie ein ausgeprägtes 
Höhenwachstum aufweisen und die Fähigkeit besitzen, De- 
tritus von den Polypen abzuhalten und zwischen den Ästen 
zu Boden sinken zu lassen (PFister 1980, WıJsman-BesT 1974). 


Die Korallengemeinschaften erreichen von allen Consola- 
cäo-Faunengemeinschaften noch am nächsten den Charakter 
hochdiverser, für flache, offene Schelfe typischer Faunen 
(Dopp & Stanton 1981, S. 396). Dies kommt im Artbestand, 
der Diversität und den allgemein als stenök geltende Gruppen 
Brachiopoden, Poriferen, Hydrozoen und Echinodermaten 
zum Ausdruck. Allerdings erlangen diese Faunenelemente 
auch in den Korallenbiostromen nur wenig Bedeutung und 
lassen die Biostromfazies als immer noch zu ungünstiges Bio- 
top für stenöke, Streß meidende Formen des offenen Schelfs 
erscheinen. 


Die Entwicklung der Korallenbiostrome und die Beendi- 
gung des Korallenwachstums sind von Biostrom zu Biostrom 
verschieden. Ko, Kı, K> und K; gehen aus siltigen, oft stark 
bioturbierten (Thalassinoides, Rhizocorallium ) Mergeln mit 
Weichbodencharakter hervor. Die Korallenfaunen spiegeln 
hier eine bessere Konsolidierung des Sediments, eine leichte 
Erhöhung der Wasserenergie und eine niedrigere Sedimenta- 


tionsrate wider. K; folgt auf einen Komplex mit der Ptero- 
perna sp. M-Placophyllia minima- Assoziation, die in ähnlich 
sandigem Substrat entwickelt ist wie das Biostrom. 


Die Faunengemeinschaft von K, bei 77 Profilmetern ist als 
circa 10 cm mächtige Lage zwei jeweils etwa 6 cm dicken 
‚„Calamophyllia“‘-Schuttbändern zwischengelagert. Die 
‚„‚Calamophyllia““-Äste dieser Bänder sind in siltig-sandiger 
Matrix eingebettet, ein Schillpflaster im engeren Sinn liegt al- 
lerdings nicht vor. Es entsteht der Eindruck, daß es sich um 
die Reste von Stöcken eines ehemaligen ‚‚Calamophyllia‘“- 
Rasens handelt, die bei einem plötzlichen (Sturm-)Ereignis 
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umkippten und in parautochthoner Lage von Sediment ver- 
schütter wurden. 


Auf alle Biostrome folgen siltig-mergelige Sedimente, die 
einem energieärmeren Milieu zuzuordnen sind. Diese führen 
i.d.R. die für Weichbodenverhältnisse typischen Infauna- 
Vergesellschaftungen (z. B. Thracia incerta-Corbulomima 
suprajurensis-Assoziation). Der Sedimentationswechsel 
scheint im allgemeinen relativ rasch erfolgt zu sein. In K, und 
K; finden sich am Top der Biostrome und noch unterhalb der 
Weichbodenfazies zahlreiche semi-infaunale Bivalven der Art 
Trichites saussurei. Da diese Art charakteristisch ist für die 
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Abb. 9: Tendenzen in den Wechselbeziehungen zwischen Biotop und Fauna der Consolagäo-Korallen- 
biostrome. Die niedrigste Diversität besitzen bei Dominanz ästiger Korallen die Biostrome der feinkörnigen 
Mikrite und Silte (K,); die höchste Diversität findet sich in den bioklastenreichen, sandigen Mergelkalk- 


Substraten (K,). 
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Sedimente, die in der Substratstabilität zwischen den Weich- 
böden und den stabileren Korallensedimenten liegen, deutet 
sich im Vorkommen von Trichites ein kontinuierlicher Über- 
gang des Sedimentationswechsels an. 


Zusammenfassend ist zu bemerken, daß die Korallenbio- 
strome von Consolagäo Bildungen ruhiger bis mäßig beweg- 
ter Lagunen-, Bucht- oder geschützter küstennaher Schelfbe- 
reiche sind. Die Faunen siedelten in Wassertiefen bis maximal 
30 Meter. Aus der Zusammensetzung der Korallenfaunen 
lassen sich keine relief- oder Wassertiefen-bedingten Zonie- 
rungen ablesen; es sind jedoch die in Abb. 9 dargestellten 
Trends der Beziehung zwischen Auftreten einzelner Wuchs- 
typen, Faunendiversität und den abiotischen Milieufaktoren 
erkennbar. 


In der Literatur finden sich keine palökologisch näher un- 
tersuchten Korallengemeinschaften, die den Consolagäo- 
Biostromen vergleichbar sind. Beziehungen sind festzustellen 
zu den Korallenfaunen, die GEYER (1963, 1965) aus etwa 
gleichaltrigen Horizonten in Ostspanien beschreibt. GEYER 
stellt die Faunen der Riffkalke von Jabaloyas denen der 
Mergelfazies von Terriente gegenüber. Die beiden Faunen 
unterscheiden sich deutlich ın ihrer systematischen Zusam- 
mensetzung. So sind von den insgesamt 45 Arten nur 5 beiden 
gemeinsam; manche Gattungen und Familien fehlen in einer 
Fazies gänzlich. Bemerkenswert ist, daß zwischen den Koral- 
lenbiostromen von Consolagäo und den Korallenmergeln von 
Terriente Gemeinsamkeiten bestehen, in denen sich beide von 
der Jabaloyas-Fauna unterscheiden. Es treten die Arten Sty- 
lma girodi, Stylina decipiens, Cyathophora bourgueti, Con- 
vexastrea sexradiata, Microsolena agarıcıformis, Meandrarea 
bonanomii und Rhipidogyra costata in Consolagäo und Ter- 
riente auf, in Jabaloyas fehlen sie dagegen. Manche Gattun- 
gen, die auch in Consolagäo erscheinen, sind auch bei den 
spanischen Vorkommen generell auf die tonig-mergelige Fa- 
zies von Terriente beschränkt (Stylina, Cyathophora, Mont- 
livaltia) oder treten bevorzugt in dieser Fazies auf (Micro- 
phyllia ). Obwohl die Gemeinsamkeiten zwischen Consola- 
säo und Terriente teilweise nur auf Gattungsniveau bestehen 
und Arten einer Gattung durchaus in verschiedenen Biotopen 
zu finden sind (z. B. HarmeLm 1975), ist bei solchen Arten 
aufgrund des ähnlichen Aufbaus auch mit ähnlichen ökologi- 
schen Bedürfnissen und Nischen zu rechnen (Rıepı 1966, 
S. 529). Die geringe Anzahl gemeinsamer Gattungen (5 von 
insgesamt 24 Gattungen) in Riff- und Mergelfazies der spanı- 
schen Fundstellen läßt auf wesentliche Unterschiede in den 
Biotopbedingungen schließen. 


Die Korallenfauna von Terriente wurde nach GEYER in tie- 
ferem, ruhigem Wasser abgelagert, während die Korallen- 
kalke von Jabaloyas in stärker bewegten Flachwasserberei- 
chen entstanden. Als ökologische Bedingungen, die den Con- 
solasäo-Biostromen und den Korallenmergeln von Terriente 
gemeinsam sind, sich aber von denen der Jabaloyas-Kalke un- 
terscheiden, sind somit die geringe Wasserenergie, die tonıge 
Sedimentation und die vermutlich auch für Terriente geltende 
eher mäßige Substratstabilität zu nennen. Diese Faktoren 
dürften also auch die oben erwähnten Gattungen in den Bio- 
stromen von Consolagäo und Terriente begünstigt haben. Es 
bleibt allerdings fraglich und weiteren Untersuchungen juras- 
sischer Korallenfaunen vorbehalten, ob diese Gattungen an 
die speziellen Ökofaktoren besonders angepaßt waren oder 
nur von Konkurrenten aus den höher-energetischen Milieus 
verdrängt wurden; die mergelige Fazies würde also ein Rück- 
zugsgebiet darstellen. 


Die Korallenfaunen von Consolagäo und Terriente weisen 
neben Ähnlichkeiten markante Unterschiede auf. Insbeson- 
dere fehlen in Terriente die für Consolagäo typischen ästigen 
‚„‚Calamophyllia“-Stöcke sowie die solitären Formen Axo- 
smilia und Epistreptophylium. Auch von Jabaloyas ist aus 
diesen Formen nur ein einziger Calamoseris-Stock beschrie- 
ben. Nach Geyer vollzog sich die Ablagerung der Terrien- 
te-Korallenmergel in größeren Wassertiefen (Ammoniten, 
Seelilien); die Consolagäo-Biostrome dagegen bildeten sich in 
terrigen sehr beeinflußten flachen Lagunen und geschützten 
Buchten, in denen Organismen des offenen Wassers äußerst 
selten sind. Es scheinen deshalb neben der Sedimentationsrate 
vor allem die Wassertiefe und damit verknüpft andere Tempe- 
raturwerte wesentlich zu den Unterschieden in der Faunen- 
zusammensetzung beigetragen zu haben. 


3.2.1.2 „‚„Calamophyllia“-Rasen 


Diese Biostrome bilden einen eigenen Faziestyp und sind 
an anderer Stelle (2.1.3) beschrieben. 


3.2.1.3 „„Calamophyllia“ -Micropatch-Assemblage 


Bestimmendes Faunenenelement dieser Assemblage sind 
buschige ‚„‚Calamophyllia“-Stöcke, die vereinzelt oder in 
kleinen Nestern dicht gedrängt zusammen stehen. Die Stöcke 
gehören z. T. der Art ,‚Calamophyllia“ flabellum (= Cala- 
moseris flabellum sensu ALLo1TEAu 1957) an. Die Variation in 
Verzweigungsmuster, Astdurchmesser und Abstand zwi- 
schen den Ästen sowie die Einbettung im Gestein lassen aller- 


Abb. 10: Variation der Wachstumsrichtung der Korallenäste und der Stockform von „‚Calamophyllia“ 
sp. auf instabilen feinklastischen Substraten (schematisch); Höhe der Stöcke bis 12 cm. 


dings häufig keine genaue Gattungs- und Artbestimmung zu 
(vgl. S. 36). 
Die Gesamtform der Stöcke wechselt je nachdem, ob ein 


betont höhen- oder ein stärker seiten-orientiertes Wachstum 
vorliegt (Abb. 10). 


Innerhalb der Nester zeigen die Einzelstöcke in der Regel 
ein Höhen-betontes Wachstum, alle Stöcke zusammen erge- 
ben jedoch für das Korallennest die Form einer flachen Kup- 
pel. 

Die Einzelstöcke sind vergleichsweise kleinwüchsig und 
erreichen durchschnittlich nur 10 bis 15 Zentimeter in Höhe 
und Breite, die Nester einen Durchmesser von 20 bis 40 Zen- 
timetern. Der Abstand zwischen den Nestern beträgt wenige 
Zentimeter bis zu zwei Metern. 


Aufgrund der Verteilung in kleinen Nestern wird diese 
Vergesellschaftung in Anlehnung an den Begriff „‚Micro- 
atoll“ (Horıry 1982, S. 109ff.) als Micropatch-Assemblage 
bezeichnet. 


Die Assemblage ist aus zwei Horizonten bekannt. Der eine 
liegt nahe der Profilbasis, der andere bei 95 Meter. Die zwei 
Vorkommen unterscheiden sich in der Fossilverteilung. Wäh- 
rend im jüngeren Horizont (bei 95 m) die Korallenstöcke auf 
ein einziges Niveau beschränkt sind, somit gleichalt und einer 
einzigen Bildungsphase zuzuordnen sind, stehen die Korallen 
innerhalb der unteren etwa 60 cm mächtigen Lage regellos in 
verschiedenen Niveaus. Sie zeigen damit eine Besiedlung der 
Korallen zu unterschiedlichen Zeitpunkten an. Dicht über- 
einander liegende Stöcke werden durch die Sedimentmatrix 
getrennt. Ein Aufwachsen jüngerer Korallen auf abgestorbe- 
nen Stöcken wurde nicht beobachtet. 


In beiden Vorkommen überwiegt die Erhaltung in Lebend- 
stellung. Unter den umgestürzten Stöcken dominieren die 
größeren Exemplare. Dies läßt darauf schließen, daß bei einer 
bestimmten Größe die Grenze der Standfestigkeit der Koral- 
len erreicht war und bereits kleinere Störungen (z. B. stärkere 
Wasserbewegung, Einwirkung anderer Organismen) Stöcke 
umstürzen ließen. 


Die Begleitfauna besteht aus einigen epibyssaten Bivalven 
(Bakevellide AB, /sognomon lusitanicus, Pteroperna sp.L), 
die ähnlich den Korallen in kleinen Nestern konzentriert lie- 
gen. Im jüngeren Horizont treten einige Korallen (Stylına 
sp., Axosmilia sp., Placophyllia sp. (non minima)) hinzu. 
Stellenweise häufig sind endobenthonische Suspensions- 
filtrierer (Corbulomima suprajurensis, Protocardia cf. intex- 
ta, Myophorella muricata). Im Gegensatz zu den Epiben- 
thonten mit kalzitischer Schalenerhaltung sind von ihnen 
meist nur Schalenabdrücke überliefert, weshalb sie trotz des 
Individuenreichtums gegenüber den Korallen kaum auffallen. 
Die vergleichsweise geringe Schalengröße der endobenthoni- 
schen Bivalven, ihre artspezifische Zusammensetzung und die 
Schalenabdruckerhaltung sind charakteristisch für die in den 
siltig-tonigen Sedimenten beheimateten Weichbodenassozia- 
tionen. 


Ein niedriger Fragmentationsgrad und doppelklappige Er- 
haltung eines Teils der Bivalven spiegelt die nur unbedeutende 
Verlagerung der Fossilien von ihrem ursprünglichen Lebens- 
ort wider. Einen Teil der Epibenthonten besonders des höhe- 
ren Horizonts umgeben Kalkkrusten von Cyanophyceen 
(z. T. Girvanella sp.). Dagegen weisen die Korallen wie auch 
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die anderen Faunenelemente keinerlei Aufwuchs sessil-fest- 
zementierender Organismen (z. B. Serpeln, Bryozoen) auf. 

Die Assemblage liegt in dunkelgrauen, bräunlich anwit- 
ternden Mergeln mit hohen Silt- und stellenweise Sandbei- 
mengungen vor. Die Siltkomponente überwiegt wesentlich 
die Tonkomponente, das Sediment entspricht in der Korn- 
größe damit den mittleren Partien der im unteren Profilab- 
schnitt häufigen sogenannten coarsening-upward-Sequen- 
zen. 


Diskussion 


Die ‚Calamophyllia“-Micropatch-Assemblage unter- 
scheidet sich von allen anderen, ebenfalls von Korallen ge- 
prägten Faunengemeinschaften, in der Bevorzugung eines 
feinklastisch siltigen Substrats und der Heterogenität der Ver- 
teilung und Autökologie der einzelnen Faunenelemente. So 
enthalten die Faunenspektren der höher diversen Korallen- 
biostrome und der ‚‚Calamophyllia“-Rasen fast ausschließ- 
lich epibenthonische Formen, für die ein stabiler Meeres- 
boden bzw. die auf diesem liegenden Schalenreste die Besied- 
lungsbasis darstellen. Die vorliegende Assemblage setzt sich 
dagegen auch zu einem hohen Anteil aus knapp unter der Se- 
dimentoberfläche grabenden Endobenthonten zusammen; 
Epibenthos tritt mit Ausnahme der Korallenstöcke und eini- 
ger epibyssater Bivalven in den Hintergrund. 


Das gemeinsame Vorkommen von Epi- und Endobenthos, 
insbesondere von Festgrund-abhängigen Korallen einerseits 
und endobenthonischen Bivalven andererseits, die charakte- 
ristisch sind für die von Corbulomima suprajurensis und Me- 
sosaccella dammariensis angeführten Weichbodenassoziatio- 
nen, stellt innerhalb des Consolagäo-Profils eher eine Aus- 
nahme dar. Vorkommen dieser Art sind gewöhnlich auf Um- 
lagerungseffekte zurückzuführen. Dies scheidet aufgrund der 
Lebendstellung der Korallen, der Erhaltung der Bivalven und 
des Fehlens von Sedimentstrukturen, die Transport und Um- 
lagerung indizieren, aus. Die Möglichkeit, daß Endo- und 
Epibenthos in der Besiedlung zeitlich aufeinander folgten und 
infolge Sedimentkompaktion, Bioturbation und Fossilkon- 
densation jetzt nebeneinander liegen (vgl. FursıcH 1978), läßt 
sich vor allem für die Vergesellschaftung an der Profilbasıs 
ausschließen. Die regellose Verteilung der Korallen innerhalb 
der Siltbank, die gleichmäßige Verteilung der infaunalen Bi- 
valven sowie das Fehlen jeglicher Diskontinuitätsflächen be- 
legen über längere Zeit weitgehend gleichbleibende Sedimen- 
tationsbedingungen sowohl für Epi- als auch für Endoben- 
thos. 


Endobenthos und Sedimenttyp spiegeln ein weiches, un- 
verfestigtes Substrat wider. Die Besiedlung durch Epibenthos 
beschränkt sich deshalb auf lokale Bereiche mit etwas höhe- 
rem Feinsand- und Bioklastengehalt, die das Sediment ausrei- 
chend stabilisieren. Dies bedingt auch die nesterartige Vertei- 
lung des Epibenthos. Ein Teil der gröberen Sedimentpartikel 
dürfte allerdings erst nachträglich im Schutz der Korallen an- 
gelagert worden sein, somit nicht primär die Ansiedlung der 
Korallen verursacht haben. Die Sandkomponente deutet eine 
sporadisch höhere Wasserenergie an als sie für die Sedimenta- 
tion der siltigen Matrix gilt. 


Die Besiedlung des für Korallen und andere Epibenthonten 
ungünstigen Bodens scheint den Polypen der phaceloid-den- 
droiden Stockkorallen insbesondere durch die Fähigkeit er- 
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möglicht gewesen zu sein, ständig niederrieselnden Feindetri- 
tus von den Kelchen fernzuhalten bzw. aus den Kelchen zu 
entfernen, wie dies von rezenten, in der dendroiden Wuchs- 
form vergleichbaren Faviiden beschrieben wird (WıJsman- 
Best 1972). Ein rasches Höhenwachstum erlaubt diesem 
Wuchstyp darüber hinaus, mit der Sedimentation schrittzu- 
halten (Prister 1980). Das mit einigen Exemplaren belegte, 
betont ausgeprägte Seitenwachstum der Äste, das bei einer 
Vergrößerung der Stockgrundfläche und niedrigem Höhen- 
wachstum eine bessere Gewichtsverteilung ermöglicht und 
damit ein Einsinken ın den Boden verhindert, dürfte auf Pha- 
sen verminderter Sedimentation beschränkt gewesen sein. In 
diese fällt auch die Besiedlung weiterer Korallen mit geringem 
Höhenwachstum (Stylina, Placophyllia) und die Umkru- 
stung durch Cyanophyceen. 


Die Armut an fixosessil-zementierten Formen (Serpeln, 
Bryozoen, Austern) verweist auf die insgesamt schlechten 
Lebensbedingungen für kleine inkrustierende Suspensions- 
filtrierer. 


Von Salinitätsschwankungen dürften die Assemblages 
weitgehend unbeeinflußt gewesen sein, da epibyssate Bival- 
ven, die in brackischen Milieus ähnliche Substrate bewohnen 
(z. B. Lycettia, Isognomon, Bakevelliide A), fehlen oder 
äußerst selten sind. 


Der Energieindex der Micropatch-Fazies ist ähnlich der 
„‚ Calamophyllia“-Rasenfazies niedrig; mit einem hohen Silt- 
und lokalen Sandanteil ist er jedoch geringfügig höher anzu- 
setzen als dies für die Milieus der Weichbodenassoziationen 
gilt. Hierin ist wahrscheinlich auch der Grund zu sehen, daß 
die „„Calamophyllia‘‘-Stöcke in den eigentlichen Weich- 
bodenassoziationen (z. B. Corbulomima-Mesosaccella- As- 
soziation) nicht auftreten. Als Biotop ist ein ruhiges Milieu in 
geschützten Buchten oder einer marinen Lagune anzuneh- 
men. 


3.2.2 Epistreptophyllum typicum- 
Ampullina suprajurensis-Assoziation 


(1 statistische, 2 weitere Proben) 


Die statistisch ausgewertete Probe entstammt einer siltigen, 
sandführenden Kalkmergel- bzw. Mergelbank bei 39 m, de- 
ren Oberfläche durch rezente Meereserosion freigelegt ist und 
deshalb ausreichende Daten über die Fossilverteilung liefert. 
Die Assoziation erscheint zusätzlich in zwei weiteren Hori- 
zonten. 


Der Trophic Nucleus (Tab. 2) wird angeführt von der ein- 
zigen Koralle der Faunengemeinschaft, Epistreptophyllum 
typicum, die etwa ein Viertel aller Individuen auf sich ver- 
einigt (Abb. 11). Funde dieser Einzelkoralle beschränken 
sich meist auf Bereiche mit höherem Feinsand- und Biokla- 
stengehalt, bisweilen bildet die Koralle nesterartige Ansamm- 
lungen. Ihre Gestalt ist durch relativ geringe Größe und unre- 
gelmäßiges Wachstum gekennzeichnet, insbesondere sind 
häufig Änderungen der Wachstumsrichtung sowohl um die 
Längsachse als auch in Wachstumsrichtung festzustellen 


(Abb. 12). 


Arten- und individuenreich sind Gastropoden vertreten 
(10 Arten, 37,7% der Individuen). Es handelt sich vorwie- 
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Abb. 11: Trophic Nucleus der Epistreptophylium 


typicum-Ampullina suprajurensis- Assoziation 


1 = Epistreptophyllum typicum 6 = Ampullina semitalis 

2 = Ampullina suprajurensis 7 = „Alaria“ virgulina 

3 = Nanogyra nana 8 = Corbulomima suprajurensis 
4 = Aporrhais musca 9 = Ceratomya excentrica 

5 = Arcomytilus morrisi 10 = Liostrea sp. 


gend um Ampullina- Arten (A. semitalis, A. sp. A, A. supra- 
jurensis) und Formen aus der Gruppe um Aporrhais (Apor- 
rhaismusca, „‚Alaria“ virgulina ). Sie bestimmen den Trophic 
Nucleus wesentlich mit. 


Innerhalb der Bivalven überwiegen endobenthonisch 
(z. B. Corbulomima suprajurensis, Ceratomya excentrica, 
Caestocorbula sp., Nicaniella cingulata) und semi-infaunal 
lebende Arten (Trichites saussurei, Inoperna perplicata, Mo- 
diolus sp.). Ceratomya excentrica und Trichıtes saussurei, die 
meist in Lebendstellung vorliegen, nehmen hinsichtlich ihrer 
Individuenzahl nur einen tieferen Rang in der Faunenliste ein, 
zählen aber aufgrund ihrer Schalengröße und Biomasse zu 
den auffälligen und bedeutenderen Organismen der Assozia- 
tion. So bilden die Schalen von Trichtites saussurei meist die 
Basıs für Nanogyra nana, die als individuenreichste Bivalve 
mit 9,5% an dritter Stelle des Trophic Nucleus hinter Zpr- 
streptophyllum typicum (23,1%) und Ampullina suprajuren- 
sis (14,4%) steht. Die wenigen anderen epibenthonischen Bi- 
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valven sind mit relativ kleinwüchsigen Exemplaren (Arcomy- 
tilus morrisi, Camptonectes cf. comatus, Modiolus sp.) oder 
leichten Schalen (Anomia sp.) repräsentiert. Sämtliche Bival- 
ven sind Suspensionsfiltrierer. 


Eine gering diverse und individuenarme Bryozoen- und 
Echinodermatenfauna vervollständigt die Makrofauna. An 
Mikrofossilien enthält das Gestein massenhaft lituolide Fo- 
raminiferen (im wesentlichen Alveosepta jaccardi ), die mit ih- 
rer Größe (Durchmesser bis zu 2 mm) zum hohen Anteil an 
biogenen Komponenten beitragen und wie Quarzfeinsand 
und andere kleine Bioklasten in Linsen angereichert sind. 
Stellenweise umgeben Algen- bzw. Cyanobakterienkrusten 
die Biogene. 


Tab. 2 : Epistreptophyllum typicum - Ampullina suprajurensis - Assoziation 
relative Lebensweise Ernährungsweise 
Häufigkeit 
+ Epistreptophyllum typicum 23% EF Ca 
+ Nanogyra nana 9,3 EC Ss 
+ Arcomytilus morrisi 6 EB Ss 
+ Corbulomima suprajurensis 3,4 I S 
+ Ceratomya excentrica 3,4 I Ss 
+ Liostrea Sp. 3,0 EC Ss 
+ Pteroperna sp.L Di EB Ss 
Caestocorbula Sp. re) H Ss 
Camptonectes Cf.comatus 1,3 E Ss 
Nicaniella cingulata 16,5 I 5 
N. (Trautscholdia) supracorallina il I S 
Protocardia intexta ll 3R = 
Trichites saussurei Al Si S 
Protocardia sp.P 0,8 I S 
Anomia Sp. 04,8 EBC Ss 
Inoperna perplicata 0,8 Si Ss 
Modiolus Sp. 0,4 252 Ss 
Mesosaccella dammariensis 0,4 I D 
Myophorella Cf.muricata 0,4 I 5 
+ Ampullina suprajurensis 14,4 E/I ?Ca 
+ Aporrhais musca rel si D 
+ Ampullina semitalis Se E/I ?Ca 
+ "Alaria" virgulina Zune Se: D 
Ampullina sp.A 1,9 E/I ?Ca 
Metriomphalus Sp. 19:5 E 
Colostracon pilleti 0,8 EF ?H 
Procerithium Sp. 0,8 E ?H 
Ceritella Sp. 0,8 E ?H 
Nerita bicornis 078 E ?D 


Nebengruppen : 


cf.Plagioecia Sp. 


Echinodermatenstachel (Typ B) 


Foraminiferen : 


lituolide Foraminiferen n. ident. 
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Rarefactionkurve und Index D (9,7) zeigen hohe Diversität 
an, die nur von den Korallenbiostromen übertroffen wird. 


Diskussion 


Die Epistreptophyllum typicum-Ampullina suprajuren- 
sis-Assoziation unterscheidet sich mit ihrer gleichmäßigen 
Mischung aus epibenthonischen und endobenthonischen 
Faunenelementen von den anderen Assoziationen, die i.d.R. 
von einer der beiden Gruppen dominiert werden. Da die 
Fauna durchwegs in gutem Erhaltungszustand vorliegt, 
scheidet Zusammenschwemmung und Transport als Ursache 
der heterogenen Faunenzusammensetzung aus. Überdies lie- 
gen einige Bivalven (Ceratomya excentrica, Trichites saussu- 
rei) in Lebendstellung vor. Eine Kondensation zweier zeitlich 
aufeinander folgender Faunengemeinschaften (FürsıcH 1978) 
ist aufgrund der clusterartigen Verteilung des Epibenthos 
unwahrscheinlich; bei einer derartigen Kondensation wäre 
eine gleichmäßigere Verteilung der Epifauna zu erwarten. 


Abb. 12: Wuchsformen der Solitärkoralle 
Epistreptophyllum typicum. natürl. Größe 


Das Verhältnis von Epi- zu Infauna (inclusive Semi-Infau- 
na) beträgt nach der Artenzahl 35 zu 65, nach der Individuen- 
zahl 60 zu 40. Die nesterartige Verteilung von Epistreptophyl- 
lum typicum und der semi-infaunalen Trichites saussurei so- 
wie die Seltenheit an festzementierenden Formen deuten da- 
bei für Epibenthos generell eher ungünstige Substratbedin- 
gungen an. Diese bestehen offensichtlich in einem unverfe- 
stigten Sediment. Darauf weisen insbesondere die hohe Ar- 
tendiversität endobenthonischer Bivalven, die Lebensweise 
der Pinnen-Verwandten Trichites (s.3.2.7) und die das Sub- 
strat nach pflanzlicher Nahrung durchsuchenden aporrhai- 
den Gastropoden (YonGe 1937a) hin. Die Ampullina- Arten 
dürften wie andere carnıvore Naticiden ebenfalls zumindest 
zeitweise im Sediment gelebt haben (PurcHon 1978). Relativ 
instabile Substratverhältnisse drücken sich daneben darin aus, 
daß Nanogyra nana ausschließlich auf sekundären Hart- 
gründen siedelt (vor allem Trichites-Schalen) und die Scha- 
lengröße der epibyssaten Bivalven wie bei den entsprechen- 
den Formen der Weichbodenassoziationen klein ıst, wodurch 
ein Einsinken im Meeresboden verhindert wird (THAYER 
1975). 


Die auffallendste Anpassung an das wenig verfestigte Sub- 
strat zeigt die trochoide Solitärkoralle Epistreptophyllum ty- 
picum mit variierender Wuchsform. Im Gegensatz zu 
E. commune, der in den Korallenbiostromen eine aufrechte 
Position einnimmt, ist für E. typicum eine Liegeposition zu 
vermuten. Die häufigen, unregelmäßig auftretenden Ände- 
rungen der Wachstumsrichtung indizieren eine mehrfache 
Verlagerung des Coralliten während der Entwicklung 
(Abb. 12). Eine solche Verlagerung erscheint nur bei Liege- 
formen möglich, da aufrecht auf Hartsubstraten aufwach- 
sende Einzelkorallen beim Umkippen stets eine Wachstums- 
änderung von ca. 90° erkennen lassen müßten, die bei E. typı- 
cum jedoch nur selten vorliegt. Durchschnittlich betragen die 
Winkel 15°-50°. Die stumpfe bzw. leicht abgeplattete Basis 
der Corallite deutet darauf hin, daß die Korallenlarven auf 
Molluskenschalen und ähnlichen Hartteilen aufgewachsen 
sind. Die Änderung zur Liegeform und der spätere Rich- 
tungswechsel im Wachstum dürften als Reaktion der Koralle 
auf leichte Verlagerung durch Wasserbewegungen, Bioturba- 
tion (grabende Bivalven, Thalassinoides sp.) oder auch auf 
Einsinken in das Substrat infolge Gewichtszunahme erfolgt 
sein. 


Epistreptophyllum tritt auch in den mergelig-siltigen Par- 
tien der Alcobaga-Schichten am Diapir von Caldas da Rainha 
gelegentlich zusammen mit endobenthonischen Mollusken 
auf (Fürsich & WERNER, in Vorber.); die Form erweist sich 
somit als besonders anpassungsfähig an schlammige und in- 
stabile Sedimente relativ niedrig energetischer Biotope. 


Bemerkenswert ist, daß mit Zpistreptophyllum typicum 
eine Koralle die Faunenliste anführt, während byssate Bival- 
ven, die im allgemeinen als Pioniere auf etwas sandigen, 
schlammigen Böden siedeln (z. B. Pteroperna sp.M, Bake- 
velliide A, Lycettia sp. A), in der Assoziation nur mit zwei 
Arten (Arcomytilus morrisi, Pteroperna sp.L) vertreten sind. 
Während Arcomytilus morrisi eurytopen Charakter besitzt 
und in allen Biotopen regelmäßig erscheint, bevorzugt Ptero- 
perna sp.L Milieus mit normalen Salinitätswerten; sie zählt 
auch zu den ständigen Begleitern der Korallenbiostrome. Die 
hohen Diversitätswerte sprechen für streßarme normalmarine 
Bedingungen. 


Das feinklastisch-siltige Sediment spiegelt ein insgesamt 
energiearmes Milieu wider, welches gelegentlich von stärke- 
ren Wasserbewegungen erfaßt wurde. In solche Phasen 
wurde auch Feinsand und Bioklasten-Kleinschutt angehäuft, 
der dem Epibenthos eine Besiedlung ermöglichte. Eine un- 
mittelbare fluviatile Beeinflussung ist aus Fauna und Sediment 
nicht abzulesen, die Zusammensetzung des Epibenthos 
spricht allerdings für Schwankungen im Bereich des Eu- und 
oberen Brachyhalinikums. Als Biotop sind geschützte 
Schelfbereiche und normalmarine Küstenbuchten und -lagu- 
nen anzunehmen. Auf letzteres deutet die Nachbarschaft zu 
Onkoidmergel und die Verwandtschaft mit der Trichites- 
Nanogyra-Assoziation hin, zu der die Epistreptophyllum- 
Nanogyra-Assoziation besonders in Faunenzusammenset- 
zung und Substrat enge Beziehungen aufweist. 


3.2.3 Pteroperna sp. M-Placophyllia minima- 
Assoziation 


(1 statistische Probe) 


Die Faunengemeinschaft ist nur in einer Bank belegt; deut- 
liche Unterschiede in Artenspektrum und Diversität zu den 
anderen Assoziationen lassen jedoch eine Abgrenzung und 
Einstufung als eigene Assoziation, wofür ansonst ein wieder- 
holtes Auftreten Voraussetzung ist (s. $. 66), gerechtfertigt er- 
scheinen. 


Die Assoziation erscheint innerhalb einer sılt-, sand- und 
bioklastenreichen Mergelkalkbank bei 61 m (Taf. 7, Abb. 4), 


Tab. 3 : Pteroperna Sp.M - Placophyllia minima 


+ Pteroperna Sp.M 

+ Pteroperna Sp.L 

+ Arcomytilus morrisi 

+ Liostrea sp.A 

+ Modiolus imbricatus 

+ Corbulomima suprajurensis 

+ Pteroperna Ssp.K 
Pteroperna sp.N 
Isognomon lusitanicus 
Plicatula Sp. 
Nanogyra nana 
Nicaniella mysis 
Nicaniella Sp. 
Pteroperna gessneri 
Lycettia Sp. 
Bakevelliide A 
Machomya jurensis 
Nicaniella sp.B 


Ceratomya excentrica 


+ Metriomphalus clathratus 
Nerita bicornis 
Nerinea Sp.B 
Nerinea sp.A 
Ampullina suprajurensis 
Ampullina Sp. 
Gastropode gen. et sp. indet. 


+ Placophyllia minima 

+ "Calamophyllia" sp. 
Epistreptophyllum montis 
Stylina girodi 
cf.Comoseris sp. 


solitäre Koralle gen. et sp. indet. 


Nebengruppen : 


Sclerospongia-Kolonien 
Pseudocidaris Sp. 
Plagioecia Sp. 


Serpula Sp. 
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sie entwickelt sich dabei aus einer Nerinea sp.B-Lage und 
wird am Top der 1,20 mdicken Bank von einem Korallenbio- 
strom gefolgt. Fossildichte und -häufigkeit variieren, teil- 
weise ist eine schillartige Anreicherung festzustellen. Inner- 
halb des Schills sind die Bivalven durchwegs zweiklappig er- 
halten, während ansonst Disartikulation überwiegt. Zählun- 
gen in Schillbereich und den Abschnitten normaler Fossil- 
dichte ergaben keine wesentlichen Unterschiede in der Fau- 
nenzusammensetzung, so daß die Fossilerhaltung und -ver- 
teilung in den Bereichen geringerer Schalenkonzentration auf 
kleinere Umlagerungseffekte, verursacht durch veränderte 
Strömungsbedingungen und/oder erhöhte Bioturbationsrate 
(z. B. Thalassinoıdes ) zurückzuführen ist. 


Assoziation 
relative Lebensweise Ernährungsweise 
Häufigkeit 
37,8 % EB Ss 
et, EB Ss 
6,6 EB S 
4,5 EC Ss 
4,2 EB Ss 
3 T Ss 
2,8 EB Ss 
14 EB S 
1,4 SiB s 
1,4 EC S 
1,0 EC S 
le) 5 
170 Ss 
OR EB Ss 
0,7 EB Ss 
047 EB s 
073 5 
043 IE Ss 
0,3 5 
Sl EV H 
1.4 EV ?D 
07,7 EV ?H 
0,3 EV ?H 
073 E/I ?Ca 
0,3 EV ?Ca 
04:3 E 2 
857 EC ca 
37.8 EC Ca 
1:7. EC ca 
0,7 EC ca 
0,7 EC Ca 
O3 EC Ca 
g 
g 
g-h 
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Abb. 13: Trophic Nucleus der Pteroperna sp. M- 
Placophyllia minima- Assoziation 


= Pteroperna sp. M 

= Placophyllia mınıma 

= Pteroperna sp. L 

= Arcomytilus morrisı 
Liostrea sp. A 

= Modiolus imbricatus 

= „Calamophylha‘“ sp. 

= Metriomphalus clathratus 
= Corbulomima suprajurensis 


vonauzruvnve 
Il 


Wertvolle statistische Daten über die horizontale Vertei- 
lung bringen einige Schuttblöcke, die infolge der rezenten 
Ausräumung der basalen tonigen Schichten freigespült und 
im Niveau der Pteroperna-Schillagen zerbrochen sind 


(Taf. 7, Abb. 5). 


Die mit 37,7% häufigste Art ist Pteroperna sp.M (Tab. 3). 
Sie steht Avıcula credneriana sehr nahe, unterscheidet sich 
vom LorıoLschen Original (LorıoL & PErLAT 1866, Taf. 9, 
Abb. 7) jedoch durch eine eckigere Gesamtform und die Or- 
namentierung. Sowohl die kürzeren vorderen als auch die 
stark verlängerten hinteren Flügel sind häufig mit den feinen 
Enden vollständig erhalten und sprechen für Autochthonie. 
Neben Pteroperna sp.M treten weitere, bisher meist unbe- 
kannte Arten dieser Gattung hinzu. Sie lassen sich in Umriß, 
Proportion der Flügelansätze, Schalenwölbung und der Aus- 
bildung der Ligamentarea voneinander abgrenzen. 


Byssate Bivalven (Arcomytilus, Modiölus, Isognomon ) 
stellen insgesamt circa 64% der Fauna, lediglich 7% entfallen 
auf festzementierte Formen (Liostrea sp. A, Nanogyra nana, 
Plicatula sp.), 690 auf endobenthonische Muscheln. Sämt- 
liche Bivalven sind Suspensionsfiltrierer. Korallen sind mit 
16% an der Fauna beteiligt. Es handelt sich meist um kleine 
Stöckchen von Placophyllia minima, die mit 8,7% die zweite 
Stelle des Trophic Nucleus einnimmt und fast ausschließlich 
als Epöke der Pteropernen auftritt (Abb. 13). 


Schalenschutt besiedeln die ästig-verzweigte Stockkoralle 
„‚Calamophyllia“ sp. A (Durchmesser des Stocks bei 15 cm) 
sowie Stylına girodi und Comoseris sp. Insgesamt setzt sich 
die Korallenfauna aus Formen zusammen, die in verschiede- 
nen Biofazies der Consolagäo-Schichten heimisch sind und in 
ihren ökologischen Ansprüchen nicht als stenotop gelten 
können. 


Von den sieben Gastropodenarten mit ?herbivorer und 
?carnivorer Lebensweise gehört der als Korallenfazies- 
Schnecke bekannte Metriomphalus clathratus (MüLLer 1965) 
mit 3,7% dem Trophic Nucleus an. Die Hartteile der Mollus- 
ken und Korallen dienen als sekundäre Hartgründe für einige 
Kalkschwämme, Bryozoen (Plagioecia) und Serpeln. Be- 
wuchs durch Algen/Cyanobakterien sowie Zerstörung der 
Schalen durch Bohrorganismen (Entobia, seltener Lithopha- 
ga) sind gelegentlich häufig. 


Diskussion 


Das charakteristische und vorherrschende Faunenelement 
stellen mit über 50% Individuenanteil die fünf Pteroperna- 
Arten. Über Lebensweise und Lebendstellung ist nur wenig 
bekannt. Ihre rezenten Verwandten besitzen meist eine leich- 
tere Schale und hängen mit dem Byssus festgeheftet an Koral- 
len, Pflanzen und ähnlichen aufragenden Organismen (STan- 
Ley 1970). Für die vorliegenden Pteropernen muß aufgrund 
der Schalengröße und des -gewichts, vor allem auch wegen 
des Fehlens entsprechend aufragender Hartsubstrate eine bo- 
denbezogene Lebensweise angenommen werden. Die un- 
gleich entwickelten Schalenhälften mit der stärkeren Wöl- 
bung der linken Klappe deuten eine flach liegende Position 
an. Daß die Pteropernen wie Malleus malleus, der ähnliche 
Flügelfortsätze ausbildet, mit der Flügel- und Wirbelregion + 
senkrecht im Sediment eingegraben lebten (YonGe 1968), ist 
unwahrscheinlich, da alle gut erhaltenen Exemplare in hori- 
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zontaler Lage innerhalb der Schicht angetroffen werden. Zu- 
dem tritt bei Pteroperna der Byssus seitlich unterhalb des 
Wirbels aus, während er bei Malleus in Anpassung an die 
semi-infaunale Lebensweise oberhalb des Schloßrandes aus- 
tritt. 


Die Häufigkeit und Dominanz von Pteroperna, wie über- 
haupt der byssat festgehefteten Bivalven (64%), beschränken 
sich nicht nur auf den enger begrenzten Schillabschnitt, son- 
dern lassen sich über einen größeren vertikalen Bereich in der 
1,20 m mächtigen Bank verfolgen. Dies deutet darauf hin, 
daß die Häufigkeit byssater Formen nicht auf kurzfristige 
Sturmereignisse und eine Folgebesiedlung durch große Lar- 
venschwärme zurückgeht (vgl. Bakevelliide sp. A-Assozia- 
tion), sondern spricht eher für generell und über längere Zeit 
die byssaten Bivalven, insbesondere Pteroperna begünsti- 
gende Siedlungs- und Biotopbedingungen. 


Da festzementierende Formen (Placophyllia minima, Sty- 
lina girodi, Comoseris) ausschließlich als Epibionten der bys- 
saten Bivalven und größeren Schalenschutts, also nicht direkt 
auf dem Substrat zu finden sind, ist eine geringe synsedimen- 
täre Verfestigung des Sediments anzunehmen. Es dürfte je- 
doch in seiner Mischung aus Ooiden, etwas Quarz, Schalen- 
schutt und dem feinkörnigen Bindemittel ein relativ stabiles 
und tragfähiges Substrat gewesen sein (FUCHTBAUER & MüL- 
LER 1977, Hartam 1976) und war für Infauna kaum bewohn- 


bar. 


Das Aufblühen der Pteriiden war sicherlich durch ihre lan- 
gen Flügelfortsätze begünstigt, die ein Umkippen der Schale 
bei Wasserturbulenzen, daneben auch ein Einsinken in den 
wenig verfestigten Boden verhinderten, wie dies von Malleus 
albus, einer auf sandigem Schlamm liegenden Hammer- 
muschel, bekannt ist (PurcHon 1977). 


Salinitätsschwankungen, die die Zusammensetzung der 
meisten Assoziationen beeinflussen, sind aufgrund der zahl- 
reichen Korallen und Kalkschwämme sowie der Artenvielfalt 
insgesamt als Ursache für das Vorherrschen der Gattung Pte- 
roperna nicht anzunehmen. Gegen sie spricht auch, daß Pte- 
roperna mit mehreren Arten auftritt und eher in Korallenbio- 
stromen häufig ist und daß euryhalin-brackische Arten unter 
den vorliegenden euhalinen Bedingungen nur untergeordnet 
mit wenigen Exemplaren repräsentiert sind (Liostrea sp. A, 
Isognomon lusitanicus, Bakevelliide A, Lycettia sp.). 


Die Assoziation unterscheidet sich etwas von den übrigen 
Faunengemeinschaften durch ihre uneinheitliche Struktur. 
Einerseits wird sie durch das Vorherrschen einer Art geprägt, 
was allgemein als Anzeichen physikalisch-chemischer Streß- 
situationen gelten kann und sicherlich in den Substratgege- 
benheiten bedingt ist, andererseits weist sie eine relativ hohe 
Artenvielfalt (32 Hauptgruppenarten) und Diversität (D = 
5,9) auf und spiegelt somit eher eine biologisch kontrollierte 
Gemeinschaft in stabilem Biotop wider (RorLms & DONAHUE 
1975). Diversitätsindex und Rarefactionkurve (Abb. 21, 23) 
rücken sie deutlich in die Nähe der Korallenbiostrome, mit 
denen sie das ähnliche Substrat und zahlreiche gemeinsame 
Arten verbindet. Ein Schlammbiotop mit mittlerem Energie- 
niveau in Nachbarschaft zu den Korallenbiostromen ist auf- 
grund der Aufeinanderfolge beider Biofazies im Profil sehr 
wahrscheinlich. Glimmerpartikel, zahlreiche Lignitstück- 
chen und Ooide zeigen ständigen terrigenen Einfluß und Zu- 
strom von Sediment aus flacheren küstennahen Zonen an. 
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3.2.4 Isognomon Iusitanicus-Bakevelliide AB- 
Assoziation 


(1 statistische, 2 weitere Proben) 


Die Assoziation ist charakteristisch für sandige Mergel- 
kalke und mergelig-kalkig gebundene, mittel- bis grobkör- 
nige Sandsteine des stärker terrigen beeinflußten Profilab- 
schnittes. Aufgrund der Gesteinshärte läßt sich meist keine 
ausreichende Zahl an Fossilien gewinnen, lediglich eine 60 cm 
dicke Sandsteinbank bei 87 m erbrachte brauchbare Daten 
über die Fossilverteilung. Die Fauna ist stets heterogen in den 
Schichten verteilt, bisweilen sind nesterartige Ansammlungen 
zu beobachten. Dominiert wird die Assoziation von der bys- 
sat fixierten Bivalve /sognomon Insitanicus, die sowohl hin- 
sichtlich ihrer Biomasse wie der Individuenzahl (59%) die 
Faunenliste anführt (Tab. 4, Abb. 14). Mit 11 cm erreichen 
die Einzelindividuen die größte im Consolagäo-Profil bei die- 
ser Art festgestellte Schalenlänge. Dieser Wert liegt allerdings 
noch unterhalb der aus den Pteroceriano-Schichten (Ober- 
kimmeridge) bekannten Schalenausmaße (z. B. SHARPE 1850), 
die bis zu 20 cm betragen können. 


Zusammen mit /sognomon lusitanicus bildet die ebenfalls 
byssate Bakevelliide AB den wesentlichen Bestand des Tro- 
phic Nucleus, dem noch die heterodonte endobenthonische 
Nicaniella sp. B sowie die Gastropoden Ampullina cf. supra- 
jarensis und Nerinea sp.B angehören. Der Rest der Fauna 
besteht aus epibyssaten Pteriaceen (Bakevelliide A, Ptero- 
perna div. sp., Rostroperna sp.), einigen Mytilaceen (Modio- 
lus cf. imbricatus, Arcomytilus morrisi), mehreren endoben- 
thonischen Muscheln (Corbulomima suprajurensis, Proto- 
cardıa intexta, Caestocorbula sp. A, Myophorella muricata, 
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Abb. 14: 


Isocyprina (Venericyprina ) sp. A) und Gastropoden (Gastro- 
pode P, Neritina bicornis). Eine kleinwüchsige Koralle des 
„‚Calamophyllia“-Typs fand sich zwar nur mit einem Exem- 
plar, ist jedoch vollständig und kann keinem größeren Trans- 
port ausgesetzt gewesen sein. An Nebengruppenelementen 
sind vor allem Seeigelstacheln zu erwähnen, deren Schutt häu- 
fig neben zahlreichen sandschaligen Foraminiferen in den 
Schliffen zu sehen ist. 

Sämtliche Bivalven sind Suspensionsfiltrierer; bei den 
Gastropoden überwiegen herbivore über carnivore Formen. 
Zahlreiche Schalen sind von Cyanobakterien-Mikritsäumen 
überzogen. 


Diskussion 


Die Fauna setzt sich mit 90% fast einheitlich aus epiben- 
thonischen, fixosessilen oder vagilen Formen zusammen und 
besitzt den Charakter einer autochthonen bis parautochtho- 
nen Assoziation. Wenngleich die Funde isolierter Schalen- 
hälften überwiegen und eine Einbettung in Lebendstellung 
eher zufällig auftritt, zeigt die doppelklappige Erhaltung etli- 
cher Muscheln neben der #+ homogenen Zusammensetzung 
ebenfalls Autochthonie an. Aufgrund des relativ hochenerge- 
tischen Milieus, das sich vor allem in der Korngröße äußert, 
ist eine in-situ-Einbettung auch nicht zu erwarten. Wesent- 
lich zur Zerstörung primärer Lagerungs- und Sedimentstruk- 
turen trägt eine hohe Bioturbationsrate bei; diese weist dane- 
ben auf die geringe Verfestigung des Sediments zur Zeit der 
Faunenbesiedlung hin. Derartige Bedingungen - unverfestig- 
tes, durch Mischung aus Sand und Silt tragfähiges Substrat 
(FUCHTBAUER & MÜLLER 1977) - stellen die optimalen Voraus- 
setzungen für die Lebensweise der endobyssaten, mit dem 
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Trophic Nucleus der /sognomon Iusitanicus-Bakevelliide AB-Assoziation 


1 = Isognomon Iusitanicus, 2 = Bakevelliide AB, 3 = Nicaniella sp.B, 4 = Ampullina cf. suprajurensis 


Wirbel im Sediment steckenden Bivalve /sognomon lusitani- 
cus (FürsıcH 1980, 1981a) dar. Bakevelliide AB wurde bisher 
nicht mit Sicherheit in Lebendstellung angetroffen. In ande- 
ren Horizonten zeigt diese Form einen partiellen Befall von 
Bohr- und Bewuchsorganismen auf dem ventralen Schalenbe- 
reich und dem Flügelansatz, während die Wirbelregion davon 
verschont ist. Dies deutet eine /sognomon lusitanicus ver- 
gleichbare Lebensweise an; bei selektiver Zusedimentierung 
des Wirbelbereiches während postmortaler Sedimentations- 
vorgänge wäre allerdings ein derartiger partieller Bewuchs 
ebenso denkbar. Eine liegende Position erscheint aufgrund 
der gleichartigen Schalenwölbung beider Klappen weniger 
wahrscheinlich. Hingegen sind die Pteroperna-Arten sowie 
Rostroperna typische Liegebewohner sandiger Schlamm- 


böden. 


Die Assoziation enthält einige endobenthonische Faunen- 
elemente, und zwar ausnahmslos Bivalven, die stets einklap- 
pig überliefert sind und z. T. aus anderen Fazies einge- 
schwemmt sind. Dies gilt vor allem für Corbulomima, Cae- 
stocorbula und Protocardia, die ausschließlich in feinkörni- 
gen Weichbodensubstraten beheimatet sind. Myophorella 
muricata, Venericyprina sp. A und Nicaniella sp.B, die mit 
4,5% die häufigsten Arten nach den beiden dominanten Ar- 
ten sind, bevorzugen dagegen sandigere Biotope und dürften 
der Assoziation angehören. 


Bemerkenswert ist in der quantitativ erfaßten Probe das 
Fehlen fixosessil-festzementierender Formen wie Austern, 
Serpeln und Bryozoen, die normalerweise zu den regelmäßi- 
gen Begleitern der Pteriaceen-Vergesellschaftungen zählen 
und in den Pteriaceenschalen ein geeignetes Substrat zur An- 
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siedlung finden. Da diese Gruppen in den anderen Horizon- 
ten der Assoziation durchaus verbreitet sind, geht ihr Fehlen 
auf lokal ungünstige Siedlungsbedingungen zurück. 


Der Diversitätsindex D zählt zu den niedrigsten unter den 
Epibenthosgemeinschaften. Faziesfremde Faunenelemente 
(ein Teil des Endobenthos) erhöhen hierbei noch den Wert 
und täuschen eine zu hohe Diversität vor. Wie bei allen Fau- 
nengemeinschaften des mittleren Abschnitts innerhalb des 
unteren Profilteils, in dem die /sognomon-Bakevelliide-As- 
soziation auftritt, bestimmen Salinitätsschwankungen und 
-verminderung wesentlich die Faunenzusammensetzung und 
Diversität. Der euryhaline Charakter nahezu aller Arten, ins- 
besondere jedoch von /sognomon Iusitanicus (FürsıcH 198 1a) 
lassen auch beı der vorliegenden Assoziation Salinitätsabwei- 
chungen vermuten. Typische Vertreter des brackischen Be- 
reichs fehlen. Dagegen treten häufig Bivalven auf, die in ko- 
rallenführenden Horizonten siedeln und zu den euryhalin- 
marinen Arten zu rechnen sind. Es sind deshalb Salinitäts- 
schwankungen im Bereich des Eu- und Brachyhalinikums 
wahrscheinlich. 


In der Dominanz epibyssater Bivalven (80,2%) spiegeln 
sich optimale Bedingungen für diese Bivalvengruppe wider. 
Sie bestehen in einem für Infauna kaum mehr und für fest- 
zementierende Formen noch nicht zu besiedelnden, weitge- 
hend stabilen Substrat. 


Sandreiche Schlammsubstrate, ın denen oder auf denen die 
Assoziation erscheint, sind in den marinen Teilen des Conso- 
lacäoprofils sowohl in den etwas küstenferneren Korallen- 
milieus wie in den küstennahen Bereichen weit verbreitet. In 


Tab. 4 : Isognomon lusitanicus - Bakevelliide AB - Assoziation 
relative Lebensweise Ernährungsweise 
Häufigkeit 

+ Isognomon lusitanicus 59,1 % SiB Ss 

+ Bakevelliide AB 13,6 ?Si/EB 

+ Nicaniella sp.B 45 I 

+ Ampullina Cf.suprajurensis 372 I/E ?Ca 
Nerinea sp.B 372 E ?H 
Bakevelliide A 3,2 EB 
Corbulomima suprajurensis 277,0 I 
Pteroperna sp.M 1,3 EB Ss 
Gastropode P 1073 E ?H 
Pteroperna sp.L 0,6 EB S 
Pteroperna sp.N 0,6 EB S 
Rostroperna Sp. 0,6 EB Ss 
Modiolus Cf.imbricatus 0,6 EB 5 
Arcomytilus morrisi 0,6 EB Ss 
Nerita bicornis 0,6 E ?D 
Procerithium Cf.rugosum 0,6 E ?H 
cf."Calamophyllia"sp. 0,6 EC Ca 
Myophorella muricata 0,6 I S 
Protocardia intexta 0,6 I Ss 
Isocyprina (Venericyprina) sp.A 0,6 T: S 
Caestocorbula Sp.A 0,6 I Ss 
Echinodermatenstachel (1 Typ) g 
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den Profilabschnitten mit der /sognomon-Faunengemein- 
schaft überwiegen Prodeltasilte, Jaminierte Glimmersilte, sel- 
tener sind submarine Rinnenfüllungen. Es ist deshalb ein pro- 
ximaler Prodeltabereich oder ein küstennahes Schlammbio- 
top wahrscheinlich. In einem solchen Milieu sind auch die in 
der Faunenzusammensetzung sich widerspiegelnden Salini- 
tätsschwankungen zu erwarten. 


3.2.5 Bakevelliide A-Assoziatıon 


(3 statistische, 2 weitere Proben) 


Die Assoziation erscheint in mehreren, kurz hintereinan- 
der folgenden dünnen Schillagen (Taf. 7, Abb. 6) beica. 81 m 
sowie mit geringerer Fossilkonzentration in einigen sandigen 
Mergeln. Die Schillagen sind gelegentlich Sandlinsen mit pla- 


10 


Abb. 15: 
1 = Bakevellide A, 2 
5 = Arcomytilus morrisı, 6 = 
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narer Schrägschichtung sowie dunklen, sandigen Mergeln 
zwischengeschaltet, die eine schlecht erhaltene Fauna aus 
endobenthonischen Bivalven enthalten. Im Bereich der 
Schille ist grober Quarzdetritus angereichert (Durchmesser 
bis 0,8 cm), der in dieser Größe selbst in den Sandsteinen der 
unteren 200 Profilmeter vergleichsweise selten zu beobachten 
ist. 


Die Zusammensetzung der Assoziation beruht im wesent- 
lichen auf der Auswertung von drei Schillagen, die ausrei- 
chende quantitative Daten brachten. Die Bestimmung der 
Fauna ergab 40 Arten, wovon 24 auf Bivalven, 5 auf Gastro- 
poden, 6 auf Korallen und die restlichen 5 auf Nebengrup- 
penelemente entfallen (Tab. 5). Die Bedeutung der Bivalven 
drückt sich mit 85% Anteil der Individuen noch stärker aus. 
Bakevelliide A dominiert mit durchschnittlich 59% in allen 
Einzelproben, zum Teil bestimmt sie mit 81% den Trophic 


30 40 50 60 % 


Trophic Nucleus der Bakevelliide A-Assoziation 
= Isognomon lusitanicus, 3 = Nerinea sp.B, 4 = Myophorella muricata, 
Ovalastrea michelini 


Nucleus allein (Abb. 15). Die Muschel aus der Familie der 
Bakevelluden steht Perna polıta SHAarPE 1850 sehr nahe. Eine 
von Cox (1954) vorgenommene Zuordnung zur Gattung 
Cuneigervillia ist sowohl für Perna polita als auch für die 
vorliegende Form fraglich und muß durch weitere taxonomi- 
sche Untersuchungen geklärt werden. 


un 
in 


zu erkennen sind. Etwa ein Drittel der Individuen ist beid- 
klappig erhalten, ansonsten bleibt das Verhältnis linker zu 
rechten Klappen ausgeglichen, so daß Umlagerung auszu- 
schließen ist; bei Transport wäre ein Bruch der relativ dünnen 
Flügelansätze zu erwarten. Die Disartikulation eines Teils 
von Bakevelliide A dürfte auf in-situ-Aufarbeitung durch 


Die Bakevelliide A-Individuen erreichen in der Regel nur Bioturbation und/oder Wasserturbulenzen zurückzuführen 


relativ geringe Schalengrößen, wobei zwischen den Indivi- Sail 
duen eines Horizonts nur unbedeutende Größenunterschiede 


Tab. 5 : Bakevelliide A - Assoziation 


relative Anwesenheit in Lebens- Ernährungs- 
Häufigkeit den Einzelproben weise weise 
+ Bakevelliide A 59,0 % 100 % EB S 
+ Isognomon lusitanicus 873 100 Si/EB S 
+ Myophorella muricata 2,4 33 I: Ss 
+ Arcomytilus morrisi ZZ. 100 EB S 
Isocyprina (Venericyprina) sp.A 2,0 33 T Ss 
Placunopsis suprajurensis 1,8 66 EBC Ss 
Liostrea sp.A 17:6 66 EC S} 
Nanogyra nana 1,6 66 EC Ss 
Nicaniella sp.A 174 33 I 8 
Lopha pulligera 1,2 33 EC Ss 
Bakevelliide AB 1,2 33 EB S 
Modiolus imbricatus 172: 33 EB S 
Pteroperna Sp.L 170 33 EB Ss 
Lycettia sp.A 0,6 33 EB Ss 
Pteroperna sp.M 97.6 33 EB ) 
Protocardia intexta 0,6 33 I: S 
Pteroperna Sp.O 072 33 EB S 
Liostrea Sp. (0972 33 EC S 
Exogyra reniformis 072 66 EC Ss 
Plicatula böischini ORZ 33 EC S 
"Arca" cruciata Oz: 33 I S 
Parallelodon Sp. 072 33 DI 2S 
Myrene Sp. 072 33 I: Ss 
+ Nerinea sp.B 67.2 66 EF ?H 
Ampullina sp.B 0,6 33 E/I ?Ca 
Ampullina semitalis 072 33 E/I ?Ca 
Ampullina Cf.suprajurensis 0,2 33 E/I ?Ca 
Nerita bicornis (OA 33 EF ?D/H 
+ Ovalastrea michelini 272 66 EC Ca 
Placophyllia minima 1916: 100 EC ca 
Axosmilia Typ E 0,8 33 EC/F ca 
Axosmilia Sp. 047 100 EC/F ca 
Actinastrea furcata O72: 33 EC ca 
Epistreptophyllum Sp. OmZ2 33 EC ca 
Nebengruppen : 
Diplopodia planissima g 
Pseudocidaris lusitanicus g 
Echinodermatenstachel (3 Typen) g-h 
Serpula Sp. g-h 
Plagioecia Sp. g-h 
Lithophaga Sp. g 


Zapfella Sp. g-h 
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Insgesamt stellen die epibyssaten Bivalven mit Bakevelli- 
de A, Isognomon lusitanicus, Arcomytilus morrisi, Modiolus 
imbricatus und weiteren Arten 75% der Hauptgruppenindi- 
viduen. Festzementierende Muscheln sind artenreich (7 Ar- 
ten), aber jeweils nur mit wenigen Exemplaren vertreten 
(6,8%). Sie wachsen stets auf Schalen(bruch) auf, was auf ein 
Fehlen eines primären Hartgrundes schließen läßt. In einem 
Niveau kommt Liostrea sp. A lokal häufiger vor und scheint 
ein kleines Patch-Riff errichtet zu haben. 


Der endobenthonische Faunenanteil von 6% entfällt im 
wesentlichen auf die drei Bivalvenarten Myophorella murica- 
ta, Isocyprina (Venericyprina) sp.A und Nicaniella sp.B, 
von denen letztere nur ın einer Probe vorhanden ist, aber 
trotzdem zu den häufigsten Faunenelementen der Assozia- 
tion gehört. Nahezu alle Individuen dieser drei Arten sind 
doppelklappig und vollständig erhalten und dürften nur we- 
nig von ihrem ursprünglichen Lebensort wegbewegt worden 
sein. 


Gastropoden spielen mit einigen herbivoren und carnivo- 
ren Formen eine untergeordnete Rolle (5 Arten, 7,4% Indi- 
viduen). Die vorzügliche Erhaltung, z. T. mit Farbstreifung 
bei Ampullinen, läßt sie als autochthone Elemente der Asso- 
ziation erscheinen. 


Die in unterschiedlicher Häufigkeit, aber regelmäßig vor- 
handenen Korallen besitzen meist eine strömungsresistente 
Wuchsform. Es sind cerioid-plocoide, halbkugelförmige 
Ovalastrea cf. caryophylloides-Kolonien sowie diverse Ar- 
ten der cylindrisch-turbinaten Solitärformen Axosmilia und 
Epistreptophyllum. Die kleinwüchsige plocoid-phaceloide 
Form Placophyllia minima besiedelt bevorzugt Pteriaceen- 
schalen, an denen auch Actinastrea furcata gelegentlich in- 
krustiert. Serpuliden, cyclostome Bryozoen (Plagioecia ) und 
Algen als Bewuchs auf Molluskenschalen sowie Anbohrung 
durch lithophage Bivalven und Bohrcirripedier (Zapfella ) 
sind lagenweise häufig. 


Diskussion 


Fossilschille werden fast ausschließlich als Zusammen- 
schwemmungen und Kondensationserscheinungen, d. h. als 
allochthone Bildungen betrachtet (z. B. MuüLı£r 1976, ZıEG- 
LER 1972). Faunenerhaltung, einheitliche Zusammensetzung 
aus vorwiegend epibenthonischen, fixosessilen Elementen 
und mehrmalige Wiederkehr im Profil belegen dagegen den 
zweifelsohne autochthonen bis parautochthonen Charakter 
der Bakevelliide A-Faunengemeinschaft. Gegen die Möglich- 
keit einer Kondensation mehrerer übereinanderliegender und 
zeitlich verschiedener Schichten und Fossilgemeinschaften 
spricht hier die in diesem Profilabschnitt hohe Sedimenta- 
tionsrate, das Fehlen primärer Hartgründe und diei.d.R. auf 
die Schillagen beschränkten groben Quarzkörner. Diese las- 
sen sich nicht durch Ausschwemmung der feinerkörnigen Se- 
dimente erklären. 


Da im Bereich der Schillhorizonte - abgesehen von der Fos- 
sildichte und der Korngröße der Quarzkörner — keine we- 
sentliche Veränderung zu den sandig-siltigen Sedimenten 
ober- und unterhalb der Lagen zu bemerken sind, ist als Hart- 
substrat für die Epifauna der Assoziation vor allem der akku- 
mulierte Quarzdetritus anzunehmen. Die Schalen der Pio- 
nierfauna bieten darüber hinaus sowohl byssat-fixosessilen 


wie festzementierenden Formen (z. B. Korallen) Möglichkeit 
der Besiedlung. 


Dem Epibenthos-Charakter der Gesamtassoziation wider- 
spricht der Anteil an endobenthonischen Suspension filtrie- 
renden Bivalven in einem Teil der Schille. Bei den mit mehre- 
ren und gut erhaltenen Exemplaren vertretenen Arten handelt 
es sich um vergleichsweise großwüchsige Formen, die im 
Consolagäo-Profil an sandige Silte gebunden sind (Myopho- 
rella muricata, Nicaniella sp.B, Isocyprina (Venericyprina) 
sp. A). Eine Gleichzeitigkeit von Infaunatätigkeit und Bake- 
velliide-Besiedlung erscheint aufgrund der flächendeckenden 
Schillbildung durch die Bakevelliide unwahrscheinlich. Die 
Schalen der Endobionten dürften vielmehr den sandigen Sıl- 
ten der Basissedimente entstammen und durch starke Was- 
serbewegungen, die auch für die Anhäufung des groben Se- 
dimentschutts verantwortlich sind, ausgespült worden sein. 


Die Konzentration der Quarzkörner in dünnen Lagen 
spiegelt deutlich kurzfristige, periodisch wiederkehrende 
sturmartige Ereignisse wider. Bei diesen wurden die obersten 
Sedimentschichten mit der darin lebenden Infauna abgetragen 
und grober Detritus angehäuft. Da der Rest der ursprüng- 
lichen Infauna aus nur mäßig tief grabenden Formen besteht, 
dürften meist nur die obersten Zentimeter des Sediments mit 
den flachgrabenden Bivalven erodiert worden sein. Anschlie- 
ßend erfolgte die Besiedlung des grobsandigen Substrats und 
der freiliegenden Schalen der Endobenthonten durch einen 
Schwarm von Bakevelliide A-Larven. Ein ähnlicher Besied- 
lungsvorgang durch einen Schwarm von Mytilus-Larven auf 
freigespülte Cardium edule-Schalen ist aus dem Wattenmeer 
der Nordsee bekannt (ScHArer 1970). Die dabei aus mehr 
oder weniger gleichaltrigen Individuen entstehende Myti- 
lus-Kolonie löst sich durch das Absterben einzelner Indivi- 
duen auf und wird nicht durch neue Mytilus-Larven aufrecht 
erhalten. Die geringen Größenunterschiede zwischen den 
Bakevelliide A-Exemplaren einer Lage lassen vermuten, daß 
auch die Bakevelliide A-Schille von Consolagäo jeweils nur 
eine Larvengeneration repräsentieren. Dies entspricht der für 
Opportunisten bzw. sogenannten „r-strategists“ typischen 
Populationsstrategie, plötzlich freigewordene ökologische 
Nischen mit einer individuenreichen Generation als Pionier- 
fauna zu bevölkern, anschließend in andere Gebiete weiter- 
zuwandern und von anderen, biologisch stabileren Faunen- 
gemeinschaften abgelöst zu werden (SourHuwoon 1981). 


In den Schillagen repräsentiert Bakevelliide A deutlich die 
Pionierfauna, eventuell ist /sognomon Iusıtanicus mit bys- 
sat-semi-infaunaler Lebensweise ebenfalls hierzu zu zählen. 
Die zahlreichen Arten an Korallen, weiteren Bivalven, Ga- 
stropoden und Bohrorganismen zeigen als Sekundärbesiedler 
die Rückkehr stabilerer Biotopverhältnisse an und reflektie- 
ren den Übergang von zunächst physikalisch zu biologisch 
kontrollierter Biozönose. Wie aus Tab. 5 ersichtlich, treten 
von den Arten der Sekundärbesiedler viele nur ın einer, einige 
in zwei und wenige in allen drei statistisch untersuchten 
Schillagen auf. Im Zusammenhang mit den generell in diesem 
Profilabschnitt häufig fluktuierenden Sedimentationsbedin- 
gungen, angezeigt z. B. in Sandlinsen innerhalb der sandigen 
Mergel und den von Bioturbation verschonten Mikroschräg- 
schichtungskörpern, sind für die Entwicklung der Bakevel- 
liide A-Assoziation in den verschiedenen Lagen unterschied- 
liche Zeitspannen anzunehmen. Daß trotz der bei allen Hori- 


zonten sicherlich geringen zur Verfügung stehenden Zeit von 
einigen Monaten bis zu wenigen Jahren offensichtlich regel- 
mäßig zumindest Anfangsstadien stabilerer Biozönosen er- 
reicht worden sind, spricht für eine spezielle Anpassung der 
Fauna und läßt sich am besten mit der Theorie der Pulsstabili- 
tät (Opum 1969, 1980; WALKER & ALBERSTADT 1975) erklären. 
Danach zeigen die Arten eines von periodischen, auch kata- 
strophal wirkenden Störungen betroffenen Ökosystems eine 
spezielle Anpassung insbesondere im Reproduktionsverhal- 
ten. Die rasche Entwicklung des Ökosystems nach der Kata- 
strophe ist dabei wahrscheinlich durch Koadaption einzelner 
Arten ermöglicht. 

Opportunisten in randlich-marinen Flachwasserbiotopen 
wie Bakevellüde A sind generell eurytop, insbesondere eury- 
halın (Rorııms & DonAHue 1975). Dies läßt vermuten, daß 
Salinitätsschwankungen die Zusammensetzung der Fauna 
mitbeeinflußt haben, wie einige eingeschwemmte brackische 
Elemente (z. B. Myrene sp.) und die Patch-Riffbildung von 
Liostrea sp. A andeuten. Größere Abweichungen von nor- 
malmarinen Werten sind jedoch aufgrund der Korallen, 
Echinodermaten und Bryozoen, deren maximale Toleranz 
bei Werten des Brachyhalinikums anzunehmen sind, un- 
wahrscheinlich. Gegen Salzgehalte unterhalb des Brachyhalı- 
nikums spricht die relativ hohe Artenvielfalt an festzementie- 
renden Bivalven. Eine Zuordnung in das Brachyhalinikum 
steht mit den Angaben Harzanms (1976) weitgehend im Ein- 
klang, der die Gattungen Bakevellia, Nanogyra, Modiolus, 
Placunopsis, Isocyprina und Nicaniella als Vertreter des obe- 
ren Brachyhalinıkums (25-30%o) aufführt. 

Die Salinitätsschwankungen sind mit als Grund für die 
niedrige Diversität (D = 2,7) und Rarefactionkurve (Abb. 23) 
zu sehen. Dies ıst in den Diversitätswerten, die für die einzel- 
nen Schille getrennt ermittelt wurden, angedeutet. Wird die 
Arten- und Individuenzahl der Korallen als Anhaltspunkt für 
Salzgehaltsschwankungen herangezogen, ergibt sich eine 
deutliche Korrelation zwischen hoher Diversität (D = 3,3) 
und geringen Salinitätsschwankungen bzw. geringer Diversi- 
tät (D = 1,7) und größeren Abweichungen bei wenigen Koral- 
len. 

Die sandigen Silte, zwischen denen die Bakevelliide A- 
Schillhorizonte liegen und in denen die Assoziation in gerin- 
gerer Fossildichte auftritt, sind ebenso wie die in diesem Pro- 
filabschnitt häufigeren, rasch geschütteten grünlichen Glim- 
mersilte (vgl. 2.8.3) Bildungen des proximalen Prodelta- 
bereichs. Der Meeresboden war sicherlich nur wenig von 
Wasser bedeckt. Aufgrund der stets vorhandenen siltigen Ma- 
trix ist mit einem mittleren Energieindex und einer Lage 
knapp unterhalb der Wellenbasis zu rechnen. 

Die Genese fossiler Schille ist in jüngster Zeit vermehrt im 
Zusammenhang mit Sturmereignissen dargestellt worden 
(z. B. AıGner 1977, 1979, BRENNER & Davies 1973, SPECHT & 
BRENNER 1979). Meist werden dabei die Schalenakkumulatio- 
nen unmittelbar mit dem Sturmereignis in Verbindung gesetzt 
und auf Zusammenschwemmung, Kondensation oder par- 
autochthone Aufarbeitung zurückgeführt. Im Gegensatz 
hierzu sind die Bakevelliide A-Schille in ihrer Genese im 
wesentlichen als Post-Tempestit-Gemeinschaften zu sehen. 
Lediglich der untergeordnete Anteil freigespülter Endoben- 
thonten und der grobe Quarzdetritus kann als eigentliche 
Sturmablagerung oder Tempestit (Acer 1974) bezeichnet 
werden. 
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3.2.6 Bakevelliide AB-Plicatula virgulina- 
Assoziatıon 


(1 statistische, 3 weitere Proben) 


Diese Faunengemeinschaft tritt in drei Horizonten zwi- 
schen 95 und 110 m auf, ausreichende quantitative Daten 
(Tab. 6) erbrachte eine 20-30 cm mächtige bioklasten- und 
sandreiche (Mergel-)Kalkbank bei 96 m. Diese folgt auf einen 
kalkig gebundenen Sandstein und wird von diesem durch 
deutliche Ton- und Siltzunahme abgegrenzt (Taf. 3, Abb. 4). 
Auf basalem, feinverteiltem Schutt von Biogenen, Onkoiden 
und größeren Sedimentpartikeln setzt die Fossilführung nach 
ca. 10 cm ein. Die Fossildichte innerhalb der Bank wechselt, 
schillartige Bildungen sind nicht zu beobachten. 

Die epibyssate Bivalve Bakevelliide AB führt mit 41% die 
Faunenliste an (Tab. 6). Alle anderen Hauptgruppenarten 
treten mit Anteilen unter 10% stark in den Hintergrund. Zu- 
sätzlich zu Bakevelliide AB vervollständigen je vier Muscheln 
und Korallen den Trophic Nucleus der Assoziation. Sieben 
von diesen sind mit der Schale fest auf hartem Substrat wach- 
sende Formen (Plicatula virgulina, Nanogyra nana, Liostrea 
sp., Ihamnasteria gracılis, Ovalastrea lobata, Actinastrea 
ramulıifera, Actinastrea furcata ), lediglich Pteroperna sp.M 
nimmt wie Bakevelliide AB eine byssat-fixosessile Lebens- 
weise ein. 


Epibyssate Bivalven (47,4%) dominieren vor allem durch 
die Anteile von Bakevelliide AB vor festzementierenden 
(21,1%). Endobenthonten (Protocardia pesolina, Inoperna 
perplicata, Thracıa incerta, Myophorella muricata ) sind selten 
(2,10), fallen aber durch guten Erhaltungszustand auf, der 
nur geringe Umlagerung anzeigt. 


An Korallen treten fast ausschließlich kleine (Durchmesser 
max. 8-10 cm), fladenförmig bis halbkugelig inkrustierende 
Kolonien auf. Es überwiegen cerioide (Actinastrea, Cyatho- 
phora, Microphyllia), thamnasteroide (Thamnasteria) und 
placoide (Ovalastrea, Microphyllia) Koloniemuster. Den- 
droid-verzweigende ‚‚Calamophyllia“-Stöcke sind selten. 
Placophyllia minima erreicht mit Übergangsformen von ce- 
rioid zu placoid und phaceloid ebenso wie die von ihr als 
Hartsubstrat bevorzugten Pteroperna-Arten nur unterge- 
ordnete Bedeutung. Auffällig ist das Fehlen der sonst in allen 
korallenführenden Horizonten vorhandenen Solitärkorallen 
(Axosmilia, Epistreptophyllum). Es steht offensichtlich in 
Zusammenhang mit relativ hoher Wasserenergie, die massi- 
gen und fladenförmig inkrustierenden Formen besser zusagt 
als lose auf dem Substrat liegenden Einzelkorallen. 


Die sieben Gastropoden-Arten sind nur mit jeweils weni- 
gen Exemplaren belegt. Abgesehen von den beiden Naticiden 
Ampullına georgeana und Ampullina sp. A mit carnivorer 
Ernährungsweise dürfte es sich um herbivore Formen han- 
deln, die die zahlreich vorhandenen Algen- bzw. Cyano- 
bakterienfilme (Onkoide, Algenkrusten) abweideten. 


Insgesamt dominieren die Bivalven, auf die sich die Hälfte 
der Hauptgruppenarten (18) und 75% der Individuen vertei- 
len, vor Korallen (10 Arten; 21,2% Ind.) und Gastropoden 
(7 Arten; 6,2% Ind.). Die geringe Individuenzahl der vagil- 
benthonischen Gastropoden wird in der hochenergetischen 
Fazies möglicherweise mitbedingt durch postmortalen 
Transport, von dem das Spektrum der fixosessilen Bivalven 
und Korallen weniger betroffen ist. 
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Tab. 6 : Bakevelliide AB - Plicatula virgulina 


+ Bakevelliide AB 

+ Plicatula virgulina 

+ Nanogyra nana 

+ Liostrea Sp.A 
Pteroperna sp.M 
Pteroperna sp.L 
Protocardia pesolina 
Hinnites SP. 
Lycettia Sp. 
Camptonectes Sp. 
Placunopsis Sp. 
Pteroperna gessneri 
"Spondylus" Sp. 
Lopha solitaria 
Modiolus Cf.imbricatus 
Inoperna perplicata 
Thracia incerta 


Myophorella muricata 


Procerithium (Rhabdocolpus) Sp.A 
Lissochilus Sp. 

Ampullina SP. 

Nerita bicornis 

Ampullina georgeana 

Ataphrus sp.aff.pupillus 


Procerithium Sp. 


+ Thamnasteria gracilis 

+ Ovalastrea lobata 

+ Actinastrea ramulifera 

+ Actinastrea furcata 
Ovalastrea caryophylloides 
Cyathophora bourgeti 
Placophyllia minima 
Microphyllia davidsoni 
"Calamophyllia" Sp. 


Thamnasteria fromenteli 


Nebengruppen : 


cf.Pseudocidaris sp. (Stachel) 
Plagioecia Sp. 

Serpula Sp. 

Lithophaga Sp. 

Entobia Sp. 

Zapfella Sp. 


Meandropolydora sulcans 


Diskussion 


Die Bakevelliide AB-Plicatula virgulina-Assoziation zählt 
in ihrer Zusammensetzung zu den homogensten Faunenge- 
meinschaften der Consolagäo-Schichten. Trotz der ver- 
gleichsweise hohen Wasserenergie, die sich aus dem Sandan- 


- Assoziation 
relative Lebensweise Ernährungsweise 
Häufigkeit 
41,4 % EB s 

9,4 EC Ss 
773 EC Ss 
A: EC Ss 
3,0 EB s 
1145 EB s 
172 s 
079 E?B Ss 
87,9 EB Ss 
0,6 E Ss 
0,6 EBC Ss 
0,3 EB Ss 
0,3 EC Ss 
073 EC s 
0,3 EB Ss 
0,3 Si Ss 
9,3 ar s 
073 at s 

‚8 E ?H 

/ E ?H 

Y E/I ?Ca 
0,6 E ?D 

3 E/I ?Ca 
0, EV ?H 
0,3 E ?H 
713 EC & 
379 EC ca 
3,0 EC ca 
Zul EC Ca 
178 EC ca 
0,6 EC ca 
0,6 EC ca 
973 EC ca 
O3 EC ca 
043 EC ca 

I 

h 

g 
g-h 
g-h 

s 


teil und dem Dertritus lesen läßt, besteht die Assoziation zu 
97% einheitlich aus + autochthonen epibenthonischen Ele- 
menten und ist weitgehend frei von faziesfremden Organıs- 
men. Die seltenen, aber gut erhaltenen endobenthonischen 
Bivalven entstammen wahrscheinlich dem siltigen Unter- 
grund und stellen den Rest einer ehemaligen aufgearbeiteten 


Weichbodenvergesellschaftung dar. Als Vorläufer der Bake- 
velliide-Pkcatula-Assoziation belegen sie die Entwicklung 
der Epibenthosfauna aus einer Weichbodenfazies. Für den 
Wechsel ist ein höheres Energieniveau des Biotops anzuneh- 
men. 


Neben dem ausgeprägten Epibenthos-Charakter spricht 
auch der Erhaltungszustand der meisten Elemente für die Au- 
tochthonie der Faunen. So findet sich Bakevelliide AB, deren 
Schalenhälften zu Lebzeiten ausschließlich durch die organi- 
schen Substanzen des Ligaments und Muskels zusammenge- 
halten werden, i.d.R. in vollständigen Exemplaren. Der Be- 
wuchs auf den wirbelabgewandten Partien einiger Schalen, 
deutet auf eine Lebendstellung ähnlich der von /sognomon Iu- 
sitanicus (FURSICH 1980) hin, bei der der Wirbel im Substrat 
mit dem Byssus fest verankert ist. 


Die relativ gleichmäßige Verteilung der Fauna über die ge- 
samte Bank-Mächtigkeit läßt vermuten, daß ihre Entstehung 
im Gegensatz zur Bakevelliide A- Assoziation (s. 3.2.5) nicht 
auf plötzliche und kurzfristige physikalische Änderungen des 
Biotops zurückgeht, sondern daß die Zusammensetzung 
weitgehend von konstanten Substrateigenschaften und hy- 
drodynamischen Bedingungen kontrolliert wurde und eine 
Besiedlung mehrfach stattfand. 


Thalassinoides-Gangsysteme, die mit siltigem Material des 
Hangenden verfüllt sind und bis an die Basis der Fossilbank 
reichen, belegen ein stabiles Substrat. Dies begründet auch 
das Vorherrschen byssater Bivalven, für die der hohe Sandan- 
teil der Fazies eine ausreichende Basis zur Anheftung mit ih- 
ren Byssusfäden darstellt. Die festzementierenden Formen 
benötigen dagegen harte Substrate, die sie nur in Schalen der 
byssaten Organismen, deren Schutt oder in größeren Sedi- 
mentpartikeln finden. Das Ausbleiben einer vollständigen 
Sediment-Verhärtung sowie die gegebene Möglichkeit der 
Bioturbation erklären auch, daß die Anzahl der fest mit der 
Schale aufwachsenden Formen hinter der Zahl der Byssus- 
träger zurückbleibt, da nur sekundäre Hartgründe zur Ver- 
fügung stehen. 


Bakevellude AB tritt in der Assoziation als Pionier-Art auf; 
sie bestätigt damit den bei anderen Assoziationen vorhande- 
nen Trend, daß auf schwach verfestigten Böden byssate Bi- 
valven (z. B. Lycettia, Bakevelliide, /sognomon, Arcomyti- 
lus ) die Entwicklung einer Epibenthosgemeinschaft einleiten. 


Im allgemeinen erhöht sich die Diversität durch die auf die 
Pionierart(en) folgende Generation (Opum 1980, LEVINTON 
1970), sofern stabile Biotopverhältnisse die Reifung einer 
Community ermöglichen. Dies kommt darin zum Ausdruck, 
daß sich der Individuenanteil der Pionierart(en) zugunsten 
der neu hinzutretenden Formen vermindert. In der vorlie- 
genden Assoziation deutet der relativ hohe Prozentsatz an 
Bakevelliide AB-Individuen und die mäßige hohe Diversität 
auf eine noch wenig fortgeschrittene Community-Entwick- 
lung und fluktuierende Bedingungen hin. Da das Artenspek- 
trum ausschließlich aus euryhalinen Formen besteht, ist 
schwankende Salinität als Hauptgrund zu vermuten. Die Gat- 
tungen der fünf häufigsten Arten (Bakevellia s.1., Plicatula, 
Nanogyra, Liostrea, Pteroperna) gelten als Formen, die bra- 
chyhaline Bereiche bevorzugen (Haızam 1976). Ein Teil der 
Korallen (Thamnasteria gracılis, Ovalastrea lobata, Micro- 
phyllia davidsoni) tritt besonders in Profilteilen auf, die von 
Sedimentationswechsel und Salzgehaltsänderungen geprägt 
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sind. Eine Toleranz der Korallen gegenüber derartigen Fluk- 
tuationen ist wahrscheinlich. Bei den restlichen Korallen 
handelt es sich um eurytope Formen, die außer in den Koral- 
lenbiostromen in mehreren anderen Faunenassoziationen als 
Begleitfauna gelegentlich erscheinen. Hinweise auf vermin- 
derte und schwankende Salzgehalte geben auch die bracki- 
schen, Neomiodontiden führenden Vergesellschaftungen 
und die stark terrigen beeinflußte Lithofazies der unmittelbar 
im Profil benachbarten Fazies. Allzu große Abweichungen 
von normalmarinen Werten sind aufgrund der relativ hohen 
Artenvielfalt, insbesondere bei den Korallen (10 Arten) aller- 
dings nicht wahrscheinlich, so daß Bedingungen des Eu- und 
oberen Brachyhalinikums ın Frage kommen (ca. 25-35 %o). 


Wie die Thracia incerta- Assoziation, die die sandigen 
Weichbodensilte des Profilabschnitts zwischen 95 und 110 m 
prägt, ist auch die Bakevelliide AB-Plicatula virgulina- Asso- 
ziation dem proximalen Prodeltabereich beziehungsweise 
einem küstennahen, relativ hochenergetischen Flachwasser- 
milieu zuzurechnen. 


3.2.7 Trichites saussurei-Nanogyra nana- 
Assoziation 


(2 statistische, 9 weitere Proben) 


Sie ist typisch für die Knollenkalk-Fazies (s.2.1.2) unter- 
halb des Forts von Consolagäo, tritt daneben aber auch in 
einigen mergeligen Bereichen unmittelbar über Korallenbio- 
stromen auf. Kennzeichnendes Faunenelement ist die von 
CHorrart (1885) aus den Knollenkalken beschriebene Bivalve 
Trichites saussurei var. consolacionensis, eine große Pinna- 
Verwandte mit extrem dicker Kalzitprismenschicht und dün- 
nem oder fehlendem Periostrakum (Abb. 16, Tab. 7). Es lie- 
gen meist Nester von 5 bis 10 Exemplaren vor, in denen die 
Individuen in der Regel beidklappig und vollständig erhalten 
sind und in-situ-Verhältnisse belegen (Taf. 7, Abb. 3). In 
wenigen Bänken überwiegt hingegen bruchstückhafte Erhal- 
tung. Aufgrund des für Pinniden typisch hohen Gehalts an 
organischem Conchyolin in der Prismenschicht (YonGE 
1953) besteht bei totem beziehungsweise fossilem Material 
nur ein geringer Zusammenhalt zwischen den Kalzitprismen. 
Die Schale bricht deshalb äußerst leicht und in charakteristi- 
scher Weise an den bis zu 2,5 cm langen, basaltförmigen Kal- 
zitprismen. Das Vorkommen von größeren Bruchstücken 
weist somit nicht auf größere Umlagerung hin, sondern 
dürfte auf gelegentlich erhöhte Strömung, vor allem aber auf 
die Aktivität von Räubern und in dieser Fazies häufigen gra- 
benden Organismen (Thalassinoides suevicus, Rhizocoral- 
lium irregulare) zurückzuführen sein. 


Die mit 29,3% zweithäufigste Art, Nanogyra nana, ıst ın 
ihrem Auftreten eng mit Trichites saussurei verknüpft und 
bildet in unterschiedlicher Häufigkeit kleine Nester auf den 
Trichites-Schalen. Diese werden zusätzlich von lithophagen 
Bivalven, bereniceiden Bryozoen und einigen Serpula-Arten 
zur Besiedlung genutzt. 


Weitere Bivalven sind die epibenthonisch lebenden Arco- 
mytilus morrisi, Liostrea sp. A, Hinnites sp., Camptonectes 
cf. comatus, sowie die Endobenthonten Corbulomima supra- 
jurensis, Ceratomya excentrica und Nicaniella sp. Sämtliche 
Bivalven sind Suspensionsfiltrierer. 
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An Gastropoden kommen ?herbivore (Procerithium sp.) 
und carnivore (Ampullina suprajurensis) Arten vor, beide 
sind jedoch selten. Mit der ästig verzweigenden Calamoseris 
und der Solitärform Epistreptophyllum cf. tenue sind die Ko- 
rallen gering repräsentiert, belegen jedoch ein weitgehend 
normalmarines Milieu. 


Die Diversität der Assoziation hält sowohl hinsichtlich der 
Artenzahl (20 Hauptgruppen-Arten), D-Wert (4,4) und Ra- 
refactionkurve (Abb. 23) eine mittlere Stellung unter den 
Epibenthos-Gemeinschaften. 


Diskussion 


In den Nestern nimmt Trichites stets eine senkrechte oder 
schräge Postition ein, wobei die Wirbelregion nach unten in 
das Sediment weist. Dies bestätigt im wesentlichen die Beob- 
achtungen Fürsichs (1980) und die Annahme einer der rezen- 
ten Pinna vergleichbaren semi-infaunalen Lebensweise. 
Hierbei steckt der vordere Teil mit dem Wirbel im Sediment, 
der postero-ventrale Abschnitt hinter beziehungsweise über 
dem Muskeleindruck ragt dagegen aus dem Sediment heraus 
(Yonge 1953, STANLEY 1970). Im Gegensatz zu Pinna sind die 
beiden Schalenhälften von Trichites saussurei var. consolacıo- 
nensis nicht symmetrisch zueinander gebaut; auch ist eine 
hohe Variabilität in der radialen Berippung, der Schalendicke 


und Wölbung festzustellen (s. a. CHorFAT 1885); dies führt zu 
unterschiedlichen Schwerpunktlagen, so daß neben der für 
Pinna typischen aufrechten Lebendstellung auch Positionen 
mit einer zur Sedimentoberfläche + stark geneigten Längs- 
achse der Muschel wahrscheinlich sind. Ähnlich Pinna be- 
vorzugt Trichites eine gesellige Lebensweise in Kolonien und 
ein feinkörniges schlammiges Substrat (vgl. Assorr 1960, 
YontGe 1953). 


Die semi-infaunale Lebensweise von Trichites setzt ein un- 
verfestigtes Substrat voraus. Die Armut an endobenthoni- 
schen Bivalven (7,2%) spricht allerdings gegen typische 
Weichbodenverhältnisse. Dies läßt sich auch daraus ablesen, 
daß innerhalb der Knollenkalkserie mit dem Wechsel zwi- 
schen den eigentlichen Knollenkalken und den Mergel- bzw. 
Siltzwischenlagen parallel ein Wechsel in den Faunen einher- 
geht. So findet sich in den Mergeln und Silten die für Weich- 
böden charakteristische Corbulomima-Mesosaccella- Asso- 
ziation, während die Trichites-Nanogyra- Assoziation auf die 
kalkigen Partien beschränkt bleibt. Ein Teil der in den Trichi- 
tes-Lagen gefundenen Endobenthonten (z.B. Corbulomima, 
Nicaniella ) dürfte den Silten entstammen und erst durch Bio- 
turbation in die Trichites- Horizonte gelangt sein. Zur Tricht- 
tes-Lebensgemeinschaft ist Ceratomya excentrica zu rech- 
nen, die in den Consolagäo-Schichten häufig mit Trichites 


Abb. 16: Trophic Nucleus der Trichites saussurei-Nanogyra nana- Assoziation 


1 = Trichites saussurei var. consolacionensis, 2 = 
strea sp. A 


Nanogyra nana, 3 = Arcomytilus morrisi, 4 = Lio- 
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Tab. 7 : Trichites saussurei - Nanogyra nana - Assoziation 
relative Anwesenheit in Lebens- Ernährungs- 
Häufigkeit den Einzelproben weise weise 

+ Trichites saussurei var.consolacionensis 35,6 % 100 % Si S 
+ Nanogyra nana 29,3 100 EC 2 
+ Arcomytilus morrisi 1042 100 EB Ss 
+ Liostrea sp.A 4,9 100 EC & 

Corbulomima suprajurensis 4,9 100 T: Ss 

Pteroperna sp.M 2,4 50 EB Ss 

Pteroperna sp.L 2,0 50 EB Ss 

Hinnites Sp. 1, 50 E?B Ss 

Rostroperna sp.A 0,9 50 EB S 

Modiolus imbricatus 0,9 50 EB 5 

Ceratomya excentrica 0,9 50 T Ss 

Plicatula Sp. 0,9 50 EC Ss 

Procerithium SP. 0,9 50 E ?H 

Inoperna Cf.perplicata 079 50 Si S 

Pteroperna credneriana 0,5 50 EB S 

Camptonectes comatus (elAls} 50 Ss 

Nicaniella Sp. (0)5) 50 T Ss 

Calamoseris SP. 0,5 50 EC Ca 

Epistreptophyllum tenue 0,5 50 E?C ca 

Ampullina suprajurensis 0,5 50 E/I ?Ca 

Nebengruppen : 

Echinodermatenstachel (1 Typ) g-h 

Serpula Sp. (1 mm 9) g 

Serpula sp. (3 mm ®) h 

Plagioecia SP. g-h 

lithophage Bivalven g-h 

Foraminiferen : 

Alveosepta jaccardi h-sh 


div. lituolide Foraminiferen 


auftritt und trotz der geringen Individuenzahl wegen der 
enormen Biomasse zu den bedeutenderen Mitgliedern der As- 
soziation zählt. 


Die Trichites-Nester bilden auf dem unverfestigten Sedi- 
ment als Pionierfauna die zunächst einzigen Hartsubstrate für 
byssate und festzementierende Epibionten. Anorganische 
Komponenten, die ebenfalls als Hartgrund dienen könnten 
(z. B. Quarzkörner), sind in dieser Fazies selten. Der Ent- 
wicklungsbeginn der Epibenthosgemeinschaft wird somit 
durch Trichites weitgehend biologisch kontrolliert. Erst se- 
kundär entstehen durch die Schalen abgestorbener Epiben- 
thonten weitere Hartsubstrate. Insgesamt äußert sich der 
Mangel an geeigneten Hartsubstraten in einem sowohl an Ar- 
ten wie auch Individuen geringdiversen Epibenthos von 
14 Arten beı einem Individuenanteil von ca. 50%, wobei auf 
Nanogyra nana allein 30% entfallen. Die Auster erweist sich 
wie in anderen Fazies als Opportunist und Erstbesiedler von 


Schalen. 


Die Trichites-Nanogyra- Assoziation ist in etwas veränder- 
ter Zusammensetzung bereits aus den Portland-Schichten am 
Cabo Espichel westlich Setubal bekannt (Fursich et al. 1980). 


Sie tritt dort ebenfalls in knolligen Biomikriten auf, welche 
jedoch in flacherem und Salinitätsschwankungen stärker aus- 
gesetztem Milieu als die Consolagäo-Fazies abgelagert wurde 
(s. 2.1.2). Der wesentliche Unterschied zwischen beiden 
Vorkommen besteht in der Häufigkeit von Nanogyra nana, 
die am Cabo Espichel ca. 81% der Gesamtfauna ausmacht, in 
den Consolagäo-Horizonten dagegen meist hinter der Indivi- 
duenzahl von Trichites saussurei zurückbleibt. Allerdings 
lassen sıch auch in Consolagao Horizonte mit höherer Nano- 
gyra-Koloniedichte von solchen mit seltenerem Aufwuchs 
unterscheiden. Gründe hierfür sind aus der Lithologie und 
der Begleitfauna nicht ersichtlich; möglicherweise handelt es 
sich in den Fällen geringeren Bewuchses um Phasen etwas hö- 
herer Sedimentation, da neben Nanogyra auch andere fıxo- 
sessile, gegenüber Sedimentation empfindliche Formen wie 
lithophage Bivalven und Bryozoen seltener zu beobachten 
sind. 


In ihrem Charakter, der aufgrund der spezifischen 
Substrateigenschaften von infaunalen, semi-infaunalen und 
epibenthonischen Organismen geprägt ist, nimmt die Tricht- 
tes-Nanogyra- Assoziation eine Zwischenstellung ein zwi- 
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schen typischen Weichbodengemeinschaften und eigentli- 
chen Epibenthos-Assoziationen verfestigter Substrate und re- 
flektiert damit das Übergangsstadium von Weich- zu Festbö- 
den. Während in der Knollenkalkserie nur ein Wechsel zwi- 
schen Trichites-Nanogyra- und Corbulomima-Mesosaccel- 
la- Assoziation stattfindet, das Stadium einer Epibenthosge- 
meinschaft also nicht erreicht wird, zeigt sich der interme- 
diäre Charakter in höheren Profilabschnitten besonders deut- 
lich mit der Abfolge Korallenbiostrom zu Trichites-Nanogy- 
ra-Assoziation und schließlich zu Thracia-Corbulomima- 
Assoziation. Trichites siedelt hierbei in der mergelig-kalki- 
gen Sedimentfüllung zwischen den ‚Calamophyllia“-Stök- 
ken die selbst auf sandig-bioklastischen Sedimenten stehen. 
Zunehmende Sedimentation feinklastischen Materials führt 
schließlich zur Ausbildung einer reinen Endobenthosgemein- 
schaft. Der Übergangscharakter spiegelt sich in den mittleren 
Diversitätsindices und der Rarefactionkurve (Abb. 23,24) 
wider, die unterhalb der typischen Epibenthos- und oberhalb 
der Weichbodenassoziationen verläuft. Die Lage der Rarefac- 
tionkurve belegt in diesem Zusammenhang deutlich, daß die 
abnehmende Substratkonsistenz bzw. -festigkeit einen we- 


Tab. 8 : Lycettia sp.A - Arcomytilus morrisi 


+ Lycettia sp.A 

+ Arcomytilus morrisi 

+ Placunopsis sp.B 

+ Placunopsis suprajurensis 

+ Modiolus imbricatus 

+ Mesosaccella dammariensis 
Protocardia intexta 
Thracia incerta 
Camptonectes Cf.comatus 
Liostrea Sp. 
Caestocorbula sp.A 
Isocyprina Sp. 
Gastropode P 
Exogyra reniformis 
Camptonectes Sp. 
Inoperna perplicata 
Plectomya rugosa 


Pteroperna Sp. 


Nebengruppen : 


Echinodermatenstachel (1 Typ) 


Serpula simplex 

div. Serpula-Arten 
Foraminiferen : 
Everticyclammina virguliana 
Pseudocyclammina parvula 
Ostrakoden : 


Asciocythere sp. 


Schuleridea Sp. 


sentlichen, und zwar negativen Einfluß auf die Diversität ben- 
thonischer Faunengemeinschaften ausübt. 


Die Voraussetzungen für die Entstehung der Trichites-Na- 
nogyra-Assoziation sind bei allen portugiesischen Vorkom- 
men ein energiearmes Milieu, relativ wenig anorganischer De- 
tritus, geringe Verfestigung des Substrats und mehr oder we- 
nıger normalmarine oder nur geringfügig davon abweichende 
Salinitätswerte (Eu- bis oberes Brachyhalinikum). Als Bio- 
tope sind wie für die Mehrzahl der rezenten Pinnen flache ge- 
schützte Bereiche in Buchten und Lagunen anzunehmen 
(Keen 1971, YonGe 1953). 


3.2.8 Lycettia sp. A-Arcomytilus morrisi- 
Assoziation 


(1 statistische, 2 weitere Proben) 


Die einzelnen Fossilvergesellschaftungen bilden in den 
grauen, z. T. feinsandigen (Kalk-)Mergeln schillartige Anrei- 
cherungen, sie folgen dabei auf tonige Silte, die die Thracıa- 


- Assoziation 
relative Lebensweise Ernährungsweise 
Häufigkeit 

48,0 % EB S 
973 EB Ss 
8,4 EBC Ss 
7,1 EBC Ss 
6,2 EB Ss 
652 I D 
2,4 S 
2,7 I s 
178 EB Ss 
IS EC s 
173 Ss 
153 T Ss 
0,9 ?E ?2H 
0,4 EC Ss 
0,4 E s 
0,4 si Ss 
0,4 I Ss 
0,4 EB Ss 
g 

g-h 
g 
g 


Corbulomima-Weichbodenassoziatıon führen. In der Litho- 
fazies drückt sich der Wechsel von der Thracia-Corbulomi- 
ma- Assoziation zur Lycettia-Arcomytilus- Assoziation — ab- 
gesehen von der Konzentration an Schalen — nur in einem ge- 
ringfügig höheren Kalk- und Siltgehalt gegenüber der tonıge- 
ren Basıs aus. 


Vorherrschende Faunenelemente sind in der Reihenfolge 
der Häufigkeit die epibyssaten Bivalven Zycettia sp. A, Ar- 
comytilus morrisi, Placunopsis sp.B, Placunopsis suprajuren- 
sis und Modiolus imbricatus (Tab. 8, Abb. 17). Fast die 
Hälfte aller Hauptgruppenindividuen entfällt auf die Mytilide 
Lycettia sp. A (4890). Der Rest der Fauna verteilt sich über- 
wiegend auf endobenthonische Mollusken, die typisch sind 


40 % 


20 
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für Weichbodensubstrate. Die Disartikulation der Mehrzahl 
ihrer Schalen deutet auf Umlagerung hin. Größere Trans- 
portwege können aufgrund der sonst guten Erhaltung und 
eines ausgeglichenen Verhältnisses von linken und rechten 
Schalenhälften allerdings ausgeschlossen werden. Zusätzlich 
zu den Hauptgruppen finden sich einige Serpuliden als Be- 
wuchs auf Lycettia und Arcomytilus sowie einige Pseudo- 
cidaris-Stacheln. 


Die Mikrofauna besteht aus wenigen Lituoliden (Zverticy- 
clammina virguliana, Pseudocyclammina parvula) und 
Ostrakoden (Schuleridea sp., Asciocythere sp.); sie zeigt 
schwankende oder generell leicht erniedrigte Salzgehalte an 
(BRENNER 1976). 


40 60% 


20 


40 60% 


Trophic Nucleus der Lycettia sp. A-Arcomytilus morrisi- Assoziation (A), Lycettia sp. A-Pla- 


cunopsis suprajurensis- Assoziation (B) und Placunopsis suprajurensis-Lycettia sp. A-Assoziation (C) 
1 = Lycettia sp. A, 2 = Placunopsis suprajurensis, 3 = Arcomytilus morrisi, 4 = Placunopsis sp.B, 


E 
o 
S7=D6 
Abb. 17: 
5 = Modiolus imbricatus, 6 = Mesosaccella dammariensis 
Diskussion 


Mit über 80% Anteil autochthoner bis parautochthoner 
Bivalven kann die Fossilgemeinschaft als autochthone Asso- 
ziation angesprochen werden. Typisches Merkmal aller epi- 
byssaten Formen ist eine dünne und leichte Schale (Zycettia, 
Placunopsis ) oder geringe Schalengröße. Selbst Arcomytilus, 
Modiolus und Pteroperna erreichen in dieser Fazies nur 
Zwergwuchs. Derartiggehemmtes Wachstum ist in den Con- 
solagäo-Schichten besonders bei endobenthonischen Mollus- 
ken in weichen siltig-tonigen Sedimenten zu beobachten und 
stellt eine Anpassung an nicht oder wenig verfestigte Sub- 
strate (IHAYER 1975) dar. Das Fehlen größerer Mollusken, 
vor allem die Seltenheit an festzementierenden Bivalven deu- 


tet darauf hin, daß die geringe Sedimentfestigkeit die Zusam- 
mensetzung der Fauna weitgehend kontrollierte und für die 
niedrige Diversität (D=3,8) wesentlich verantwortlich ist. 


Die endobenthonischen Mollusken stellen hinsichtlich In- 
dividuen- und Artenzahl (15% Ind., 7 Arten) einen wesent- 
lichen Bestandteil der Assoziation, gehören aber aufgrund ih- 
res Erhaltungszustandes nicht zur eigentlichen ZLycettia- Ge- 
meinschaft. Ihr Vorkommen in den Schillen geht auf Frei- 
legung durch Bioturbation (Thalassinoides) oder/und Aus- 
waschung der obersten Sedimentschichten (winnowing) des 
liegenden Silts zurück. Sie bilden gleichzeitig neben dem 
Feinsandanteil im Sediment die Basis für die Anheftung der 
byssaten Bivalven. 
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Daß bei diesen öfters wiederkehrenden schillartigen Fau- 
nenvergesellschaftungen Zusammenschwemmungen mehre- 
rer Biofazies vorliegen, scheidet aus, da das Epibenthos in der 
Regel beidklappig erhalten ist; außerdem sind in der Litho- 
fazies keine wesentlichen Sedimentationsänderungen festzu- 
stellen. 


Die Assoziation ist in ihrer Zusammensetzung nahe ver- 
wandt mit der Lycettia sp. A-Placunopsis- Assoziation und 
der Placunopsis suprajurensis-Lycettia sp. A-Assoziation. 
Alle drei Gemeinschaften sind durch geringe Diversität ge- 
kennzeichnet und bestehen ausschließlich aus euryhalinen, 
z. T. auch typisch ästuarinen und lagunären Faunenelemen- 
ten. Während Lycettia in nahezu allen Salinitätsbereichen 
auftritt, wird den meisten übrigen Gattungen der Assoziation 
(Arcomytilus, Modiolus, Protocardia, Thracia, Camptonec- 
tes) eine auf das Eu- und Brachyhalinikum eingeschränkte 
Verträglichkeit an Salzgehaltsschwankungen zugeschrieben 
(Harzam 1976, Fürsıch 1981a). Die ZLycettia-Arcomytilus- 
Assoziation unterscheidet sich damit von den anderen Ge- 
meinschaften, die in stärker ausgesüßtem Milieu zu finden 
sind. 


Die Lycettia-Arcomytilus- Assoziation tritt stets als Au- 
tochthonschill auf und wird im Hangenden und Liegenden 
von Weichbodenfazies mit entsprechenden Endobenthosge- 
meinschaften umrahmt. Die Entstehung der Epibenthosge- 
sellschaft fiel wohl in Phasen kurzfristiger Sedimentationsun- 
terbrechungen, die eine Kompaktion und angehende Verfe- 
stigung und Stabilisierung des Sediments mit sich brachten. 
Auch Phasen leicht erhöhter Wasserturbulenz sind denkbar, 
wobei die Infauna der Weichbodenfazies freigelegt wurde 
und dem Epibenthos als Hartsubstrat diente. Als Biotop ist 
wie für die im Profil benachbarte Thracia-Corbulomima- As- 
soziation ein geschützter Prodeltabereich anzunehmen. 


3.2.9 Placunopsis suprajurensis-Lycettia sp. A- 
Assoziation 


(1 statistische, 1 weitere Probe) 


Die Assoziation ist aus dunklen, meist bräunlich gefärbten 
Silten bekannt und setzt sich fast ausschließlich aus Indivi- 
duen der Bivalvenarten Placunopsis suprajurensis und Lycet- 
tıa sp. A zusammen (Tab. 9, Abb. 17). Beide dominieren mit 
zusammen 94% den Trophic Nucleus der Hauptgruppen. 
Sieben weitere, ebenfalls epibenthonische Bivalven sowie 
einige Echinodermaten, vertreten durch zwei Stacheltypen, 
vervollständigen die Faunenliste. Gastropoden und Korallen 
fehlen. Von Placunopsis finden sich wie in den anderen Fazies 
nur obere linke Klappen. Die anderen Muscheln liegen meist 
einklappig vor, ein ausgeglichenes Verhältnis linker zu rech- 
ter Schalenhälften läßt jedoch nur geringen Transport vermu- 
ten. Sämtliche Faunenelemente gehören dem Epibenthos an. 
Abgesehen von den Östreiden Exogyra sp. und ,‚Ostrea“ sp. 
sowie den Echinodermen handelt es sich um byssate Formen, 
zu denen auch die dominierende Bivalve Placunopsis supra- 
jurensis zu zählen ist. 

Die von BUVIGNIER (1852) als Anomia beschriebene Art wurde in 
letzter Zeit der Gattung Placunopsis zugeordnet (z. B. FURSICH et al. 
1980), aufgrund neuerer Untersuchungen scheint sie nun doch eine 


den Anomiaceen zugehörige Form zu sein. So finden sich in den Con- 
solagäo-Schichten wie auch in anderen Oberjuragesteinen des Lusita- 


nischen Beckens (frdl. Mitt. FÜRSICH) häufig Reste der mit kalziti- 
schen Einlagerungen verstärkten Basis des Byssus, wie dies von eini- 
gen rezenten Anomiaceen bekannt ist (YONGE 1977). Diese runden, 
strahlenförmig strukturierten Gebilde sind in der vorliegenden Asso- 
ziation auf Placunopsis (= Anomia-) und Lycettia-Schalen aufge- 
wachsen. 


Unter der Mikrofauna herrschen die lituoliden Foraminife- 
renarten Alveoseptajaccardi und Psendocyclammina parvula 
vor. Seltener sind Ostrakoden mit Arten, die insgesamt ein 
brackisches Milieu anzeigen (frdl. Mitt. RamaLHo & HELM- 
DACH). 

Der terrestrische Einfluß äußert sich in zahlreichen Lignit- 
fetzen; Quarz kommt in dieser Fazies allerdings nur in gerin- 
gen Mengen vor, wobei die Korngröße meist unter 250 u 
liegt. Häufig sind Schichtmineralien (Biotit, Muskovit, Chlo- 
rit, Vermiculit) und kleine Ooıde, die von benachbarten 
Ooidschwellen herzuleiten sind. 


Diskussion 


Die Assoziation besteht im Gegensatz zu der nahe ver- 
wandten Lycettia sp. A-Placunopsis suprajurensis- Assozia- 
ton nur aus epibenthonischen Faunenelementen. Infauna 
fehlt. Daß die überwiegend aus Aragonit bestehenden 
Endobenthonten ursprünglich vorhanden waren und selektiv 
weggelöst wurden, ohne daß von ihnen zumindest Abdrücke 
überliefert sind, ist wegen der für diesen Sedimenttyp norma- 
lerweise guten Abdruckerhaltung unwahrscheinlich. Die 
homogene Verteilung der Epifauna im Sediment spricht zu- 
dem für gleichmäßig günstige Besiedlungsbedingungen. Das 
geringe Schalengewicht der beiden dominanten Formen (Pla- 
cunopsis, Lycettia ) läßt allerdings auf nur geringe Bodenstabi- 
lität schließen; dies dürfte vor allem auf der Gleichkörnigkeit 
des tonig-siltigen Sediments ohne wesentliche Sandanteile be- 
ruhen (FUCHTBAUER & MÜLLER 1977). 


Die Assoziation besitzt zusammen mit der Zycettia-Placu- 
nopsis-Gemeinschaft die niedrigsten Diversitätswerte (D = 
2,2) aller Epibenthosgemeinschaften. Da die ebenfalls nahe- 
stehende Zycettia-Arcomytilus- Assoziation mit einer Diver- 
sıtät von D = 3,8 ın Biotopen mit wesentlich höherer und 
ausgeglichenerer Salinität vorkommt, ist als Hauptursache 
verminderte Salinität anzunehmen. 


Sämtliche Makrofaunenelemente sind als euryhaline Orga- 
nısmen bekannt, sie tolerieren Salzgehaltsschwankungen vom 
Eu- bis teilweise zum Mesohalinikum. Stenotope Elemente 
des Oligohalinikums und unteren Mesohalinikums fehlen, so 
daß Salinitätswerte des Brachyhalinikums und oberen Meso- 
halinıkums zu vermuten sind. Dies läßt sich auch aus der Mi- 
krofauna ablesen, die einen relativ hohen Anteil euryhaliner 
Lituoliden enthält, während in stärker ausgesüßten Bereichen 
Östrakoden vorherrschen. 


Die Zusammensetzung der Fauna aus leichtschaligen Epi- 
benthonten deutet darauf hin, daß zusätzlich die für Epiben- 
thos geringe Substratstabilität wesentlich an der Erniedrigung 
der Diversität beteiligt ist. Die Lage der Rarefactionkurve im 
Bereich der Weichbodenassoziationen gibt dies ebenfalls 
deutlich wieder (Abb. 23, 24). 


Sediment und Fauna der Placunopsis-Lycettia- Assoziation 
indizieren ein energiearmes Milieu mit ständigem Süßwasser- 
zufluß. Da die benachbarten Fazies Prodelta- und Küsten- 
schelfcharakter besitzen, ist ein ruhiger Biotop nahe einer 
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Tab. 9 : Placunopsis suprajurensis - Lycettia sp.A - Assoziation 
relative Lebensweise Ernährungsweise 
Häufigkeit 
+ Placunopsis suprajurensis SU & EBC Ss 
+ Lycettia sp.A 36,3 EB Ss 
Exogyra SP. 178 EC Ss 
"Ostrea" Sp. 1,0 EC Ss 
Isognomon lusitanicus O7 SiB Ss 
Pteroperna Sp. Or) EB Ss 
Modiolus Sp. 0,4 ?EB Ss 
Bakevelliide A 0,4 EB s 
heterodonte Bivalve 0,4 ? 2 
Echinodermatenstachel (2 Typen) g 
Foraminiferen 
Alveosepta jaccardi g-h 
Pseudocyclammina parvula g-h 


div. Ostrakoden n.det. 


Flußmündung anzunehmen. Die zahlreichen Ooide deuten 
dabei auf eine Abgrenzung des Biotops von höherenergeti- 
schen Milieus durch eine Ooidbarre hin. 


3.2.10 Lycettia sp. A-Placunopsis suprajurensis- 
Assoziation 


(1 statistische, 5 weitere Proben) 


Die Assoziation ist im wesentlichen an grünliche sandige 
Silte zwischen 170 und 200 Profilmeter gebunden, in denen 
Weichbodenelemente der ?Neomiodon sp. A-Assoziation 
dominieren. Seltener tritt sie auch in bräunlichen Silten und 
Mergeln auf. 


Vorherrschende Elemente sind die epibyssaten Bivalven 
Lycettia sp. A und Placunopsis suprajurensis, die zusammen 
über 85% der Fauna stellen und häufig nesterartige Anreiche- 
rungen bilden (Tab. 10, Abb. 17). Die flachgrabenden, fil- 
trierenden Muscheln Neomiodon sp. A, Sowerbya cf. des- 
hayesea, Thracia incerta, Corbula sp.D und Caestocorbula 
sp. sowie der Gastropode Procerithium sp. bilden den Rest 
des Makrobenthosspektrums. 


Vollständige Erhaltung beider Schalenhälften sowohl bei 
Lycettia wie auch einiger Endobenthonten spricht für eine 
in-situ-Überlieferung. Von Placunopsis suprajurensis liegen 
nur linke Klappen vor (vgl. 3.2.9). Der autochthone Charak- 
ter der Assoziation wird zusätzlich unterstrichen durch die 
homogene Zusammensetzung der endobenthonischen Ele- 
mente, die in ihrer Gesamtheit in der ?Neomiodon sp. A-As- 


Tab. 10 : Lycettia sp.A - Placunopsis suprajurensis - Assoziation 


+ Lycettia sp.A 

+ Placunopsis suprajurensis 
Neomiodon sp.A 
Sowerbya deshayesea 
Corbula sp.D 
Caestocorbula Sp. 
Thracia incerta 


Procerithium Sp. 


Foraminiferen : 


Pseudocyclammina parvula 


miliolide Foraminiferen 


div. Ostrakoden n. det. 


relative Lebensweise Ernährungsweise 
Häufigkeit 
56m om% EB Ss 
30,2 EBC Ss 
3,9 I Ss 
Sl I Ss 
273 I S 
1,6 I: Ss 
1776 I Ss 
0,7 E ?H 
g-h 
s 
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soziation auftreten und zum Teil charakteristische Formen 
des meso- und oligohalinen Bereichs sind. 


Die Schlämmrückstände führen neben zahlreichen Lignit- 
fetzen und Koniferenschuppen eine gering diverse, jedoch in- 
dividuenreiche Foraminiferenfauna, bestehend vor allem aus 
Psendocyclammina parvula,; seltener enthalten sie Ostrako- 
den (i.d.R. bisher unbekannte Arten, frdl. Mitt. RAMALHO & 
HELMDACH). 


Die Assoziation zählt mit einem Diversitätsindex von 
D = 2,5 zu den artenärmsten (Abb. 21). Eine Rarefaction- 
kurve ist aufgrund ungenügender Individuenzahlen nicht er- 
stellbar. 


Diskussion 

Die Lycettia-Placunopsis- Assoziation weist große Ähn- 
lichkeit zur Placunopsis-Lycettia- Assoziation (s.3.2.9) auf, 
mit der sie die beiden Trophic Nucleus-Arten und eine ver- 
gleichbare Diversität gemeinsam hat. Im Gegensatz zu jener 
setzt sie sich jedoch nicht nur aus epibenthonischen sondern 
auch aus endobenthonischen Elementen zusammen, wobei 
beide Elemente aufgrund ihrer guten Erhaltung als auto- 
chthon bezeichnet werden können. 


Die infaunalen Bivalven verteilen sich gleichmäßig im Se- 
diment, während von den vorherrschenden Epibenthonten, 
vorallem Zycettia sp. A, häufig in nesterartigen Ansammlun- 
gen zu finden ist. Dies deutet zum einen auf eine primär gesel- 
lige Lebensweise der Mytiliden, wie sie auch von rezenten 
Mytilus edule-Kolonien bekannt ist, zum anderen weist diese 
Verteilung auf lokal eingeschränkte Besiedlungsmöglichkei- 
ten für das Epibenthos hin. Die Voraussetzung der Kolonisie- 
rung ist in linsigen, stärker sandigen Partien gegeben, deren 
Entstehung auf gelegentliche Wasserturbulenzen zurückgeht 
und deren Sandanteil byssaten Formen sowohl nötigen Halt 
als auch ausreichende Substratkonsistenz bietet. Für Placu- 
nopsis suprajurensis, die wie Lycettia über eine extrem leichte 
Schale verfügt, dürften zusätzlich niedere Pflanzen als Hart- 
substrat gedient haben. Byssate Bivalven mit größerer Scha- 
lenmasse, z.B. /sognomon, Bakevelliide oder Pteroperna, 
fehlen offensichtlich infolge der geringen Tragfähigkeit des 
Sediments. 


Die Assoziation besteht aus eurytopen, insbesondere eu- 
ryhalinen Faunenelementen. Da nur geringfügig eurytope 
Formen wie Korallen, Bryozoen und Echinodermaten, die im 
Profil durchaus Salzgehaltsschwankungen im Bereich des 
Brachyhalinikums vertragen, fehlen, sind erheblich vermin- 
derte Salinitätswerte zu vermuten. Die beiden Trophic Nu- 
cleus-Arten (ZLycettia sp. A, Placunopsis suprajurensis) kom- 
men in zahlreichen anderen Faunengemeinschaften vor und 
scheinen nahezu gegenüber dem gesamten Salinitätsspektrum 
tolerant zu sein, als Indikatoren besitzen sie somit nur geringe 
Bedeutung. Relativ gute Anzeiger für meso- und oligohaline 
Salzgehalte sind dagegen Neomiodontiden, die in dieser As- 
soziation untergeordnet vertreten sind, in benachbarten 
Weichbodensubstraten mit ?Neomiodon sp. A jedoch die 
dominierende Art stellen. Sie weisen die Lycettia sp. A- 
Placunopsis suprajurensis- Assoziation als Gemeinschaft nie- 
dersalinarer, relativ ruhiger Küstenlagunen aus. Die Gemein- 
schaft unterscheidet sich damit von der Placunopsis-Lycettia- 
und der Lycettia-Arcomytilus- Assoziation, die in euhalinen 
und brachyhalinen Milieus vor der Küste angesiedelt sind. 


3.2.11 Liostrea sp. A-Assoziation 


(1 statistische, 4 weitere Proben) 


Die Auster Liostrea sp. A bildet in einigen Horizonten 
dünne Schillbänke sowie kleine Riffe. Ein solches ist derzeit 
auf ca. 40 m” Grundfläche bei 136 m gut aufgeschlossen. 
Durch Meeresbrandung und Verwitterung sind die ursprüng- 
lich aufliegenden Silte wegerodiert, so daß das Riff in seiner 
ursprünglichen Form freiliegt (Taf. 3, Abb. 2). Das Austern- 
bioherm entwickelt sich aus siltigen bis feinsandigen Mergeln, 
in deren höheren Teilen zunächst Liostrea sp. A und einige 
dickschalige Pteriaceen (?/sognomon, ?Bakevelliide) mit we- 
nigen regellos verteilten Individuen auftreten, zum Top dann 
Liostrea sp. A eine geschlossene festverbackene Schillage als 
Basis der Riffknospen bildet. Die Riffknospen ragen bis zu 
70 cm über die Basıs. Soweit erkennbar, keilt das Riff seitlich 
aus und verzahnt sich mit jüngeren grünlichen Silten, die eine 
brackische Weichbodenfauna (?Neomiodon sp. A-Assozia- 
tion) und einige zwischengeschaltete Lycettia-Lagen enthal- 
ten. Die bei rezenten Austernriffen häufig zu beobachtende 
Längserstreckung, die eine Lage senkrecht zur Küste anzeigt, 
läßt sich im Consolagäo-Profil nicht feststellen. 


Das Bioherm wird fast ausschließlich von Liostrea sp. A- 
Individuen ausgebaut (Tab. 11). Lediglich an seiner Basis 
führt es eine gering diverse Begleitfauna aus einigen Korallen, 
Gastropoden, Bivalven und Echinodermaten. Nanogyra 
nana führt die Begleitfauna an, sie findet sich gelegentlich 
noch innerhalb der eigentlichen Riffknospen. Wesentlicher 
Bestandteil sind Korallen, die mit zwei Wuchstypen, und 
zwar flach fladen- oder kuppelförmigen cerioiden Kolonien 
(Cyathophora cesaredensis, Ovalastrea michelini) und zylın- 
drischen Einzelkorallen (Axosmilia crassa, A. marconı, 
A. corallina ) insgesamt über 40% der Begleitfauna stellen. 
Cyathophora cesaredensis und Ovalastrea michelini siedeln 
i.d.R. auf Ziostrea-Schalen und werden teilweise von der 
Auster überwuchert. Die Erhaltung der Korallen - teilweise 
sind die Feinheiten des Septalapparates zu erkennen — sowie 
das Überwiegen von in-situ-Vorkommen belegen die Auto- 
chthonie der Korallen. Gastropoden sind mit zwei Trochiden- 
arten (Metriomphalus funatus, M. sp. C) vertreten, die in 
Korallen- und Korallen/Bivalven-Assoziationen ebenfalls 
vorkommen und wahrscheinlich Algenfilme abweideten. 
Neben einigen byssaten Formen vervollständigen lithophage 
Bivalven, festzementierende Bryozoen und Serpelkolonien 
die Faunenliste. 

Algenbewuchs ist besonders im unteren Bereich des Bio- 
herms häufıg. 

Die Fauna setzt sich ausschließlich aus epibenthonisch- 
fixosessilen Organismen zusammen, die ihre Nahrung durch 
Filtrieren dem vorbeiströmenden Wasser entnehmen. Eine 
Ausnahme bilden die beiden Gastropodenarten und die Echi- 
nodermaten (3 Stacheltypen) mit vagilbenthonischer, herbi- 
vorer Lebensweise. 


Die Diversität des Austernriffs ist relativ gering, wobei 
zwischen derjenigen an der Basis und der in den eigentlichen 
Riffknospen unterschieden werden muß. Diese getrennte Be- 
trachtung wird dadurch ermöglicht, daß die Mehrheit der 
Fauna fixosessilen Charakter besitzt und deshalb in situ oder 
in unmittelbarer Nähe des ursprünglichen Lebensortes vor- 
liegt. Eine Ausnahme bilden wiederum Gastropoden und 


Tab. 11 : Liostrea sp.A - Assoziation/Bioherm 


+ Liostrea sp.A 


Begleitfauna an der Riffbasis : 


Nanogyra nana 
Exogyra reniformis 
Lycettia sp.A 
Bakevelliide A 
heterodonte Bivalve 


Metriomphalus funatus 


Metriomphalus sp.C 


Cyathophora cesaredensis 
Ovalastrea michelini 
Axosmilia marcoui 
Axosmilia corallina 


Axosmilia crassa 


Nebengruppen : 


Echinodermatenstachel (3 Typen) 
Plagioecia Sp. 

Serpula SP. 

lithophage Bivalven 


Entobia Sp. 


Echinodermaten, die möglicherweise auch die Algenfilme auf 
den Riffknospen abgegrast haben und erst nach dem Tod in 
tiefergelegene Nischen der Riffbasis gefallen sind. 


Kleinflächige Zählungen der Mollusken und Korallen er- 
gaben einen prozentualen Anteil der Begleitfauna von unge- 
fähr 10-15%, bzw. eine Dominanz von Liostrea sp. A von 
85-90%. Exakte Daten sind wegen des unregelmäßigen Au- 
sternbewuchses allerdings nicht möglich. Bryozoen, Echino- 
dermen und Serpeln sind bei der Zählung nicht miteinbezo- 
gen. 


Die von Liostrea sp. A gebildeten Schillagen treten in dun- 
kelgrünen Silten als Einschaltungen zwischen ?Neomio- 
don-Brackwasservergesellschaftungen auf. Es handelt sich 
teilweise um Ansammlungen von Einzelklappen und damit 
sicherlich um allochthone (?Sturm-)Ablagerungen, z. T. um 
bis zu 10 cm dicke autochthone Austernbiostrome mit dicht- 
liegenden und aufeinander aufwachsenden Liostrea-Indivi- 
duen. Letztere ähneln sehr der Basis des Austernriffs und stel- 
len möglicherweise die Ausläufer von kleinen Biohermen dar. 
Ungenügende Aufschlußverhältnisse lassen sowohl über 
Ausdehnung als auch über Begleitfauna der Biostrome keine 
genauen Angaben zu, die Diskussion beschränkt sich deshalb 
weitgehend auf die Riff-Assoziation. 


Diskussion 


Die Assoziation zeichnet sich durch eine relativ geringe Di- 
versität aus, die auf einem massenhaften Auftreten von Lio- 
strea sp. A beruht. Allerdings läßt die Zusammensetzung der 
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relative Lebensweise Ernährungsweise 
Häufigkeit 
riffbildend EC Ss 
45,9 % EC s 
9,4 EC Ss 
6,6 EB Ss 
3,3 EB S 
1,1 T s 
2 EV H 
‚6 EV H 
1751 EC Ca 
Sn EC Ca 
3,9 EC/F ca 
1,7 EC Ca 
1,7 EC/F ca 
g 
g-h 
h 


Fauna - es handelt sich fast ausschließlich um festzementierte 
oder mit einem starken Byssus angeheftete Formen - eine 
Verminderung der Artendiversität durch sekundäre Prozesse 
vermuten, durch die nicht alle potentiell erhaltungsfähigen 
Organismen überliefert sind; insbesondere dürfte ein Teil des 
ehemals vorhandenen vagılen Epibenthos der Faunengemein- 
schaft durch postmortalen Transport entzogen worden sein. 
So fällt auf, daß die wenigen vagıl epibenthonischen Elemente 
(Metriomphalus funatus, Echinodermenstachel) mit 1,0 bis 
1,5 cm Länge eine ideale Größe für die Nischen innerhalb des 
Liostrea-Riffgerüsts besitzen, in denen die Chance auf Erhal- 
tung naturgemäß am günstigsten ist. Andererseits spricht die 
Tatsache, daß in anderen Profilhorizonten weitaus mehr 
Gastropodenarten dieser Größe vorliegen und daß die Koral- 
len nur mit bestimmten Wuchstypen siedeln, eher für primär 
niedrige Artenzahlen dieser Gruppen. 


LAWRENCE (1968), der die Artenarmut fossiler Austernriffe 
auf diagenetische Prozesse zurückführt und eine ursprünglich 
hohe Diversität annımmt, wie sie von manchen rezenten Rif- 
fen bekannt ist (vgl. Werıs 1961), gibt als weitere Möglichkeit 
der Diversitätsverminderung eine Auflösung von Hartteil- 
substanz an, etwa von Aragonitschalern. Für den vorliegen- 
den Fall ist dies unwahrscheinlich, da die ehemaligen Arago- 
nitschaler (Gastropoden, Bivalven, Korallen) in Kalziterhal- 
tung überliefert sind und keine Lösungsspuren aufweisen. 
Eine Reduktion der Individuen- und Artenzahl ist sicherlich 
bei den lose an der Riffbasis liegenden Schalen zu erwarten. 
Diese sind zusammen mit der ehemaligen Siltbedeckung mit 
der rezenten Erosion zumindest teilweise mit abgetragen. 
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Aus der Fossilabfolge läßt sich folgende Entwicklung des 
Austernriffs ablesen: 


In den siltigen wenig verfestigten Mergeln bilden verein- 
zelte Liostrea sp. A- und Pteriaceen-Individuen die Pionier- 
fauna des Epibenthos, auf die sich eine zweite Generation aus 
inkrustierenden und byssat anheftenden Formen ansiedeln 
kann. Starke Bioturbation (cf. Thalassinoides) in den sandi- 
gen Silten und eine hohe Anzahl sessiler Benthonten indizie- 
ren eine geringe Sedimentationsrate und leicht erhöhte Was- 
serenergie, welche für klare Wasserverhältnisse, ein ausrei- 
chendes Nahrungsangebot und den Abtransport der anfal- 
lenden Fäkalien sorgt. Korallen und Ichnofauna spiegeln in 
dieser Phase ein normalmarines Milieu mit Schwankungen 
der Salinität im Bereich des Brachyhalinikums wider. Auf 
diese zweite, noch verhältnismäßig artenreiche Generation 
folgt das eigentliche höhenorientierte Wachstum der Austern 
mit den Riffknospen. 


Der Wechsel zur monospezifischen Liostrea sp. A-Asso- 
ziation des Riffs deutet eine Änderung eines oder mehrerer 
Milieufaktoren an. Der wesentliche Faktor dürfte hierbei die 
Salinität sein. Die rezente Auster Crassostrea virginica, eine 
in Wuchsform und Größe mit Liostrea vergleichbare Art, 
bildet ähnliche Riffe in Lagunen und Buchten entlang der te- 
xanischen Küste (Parker 1955, 1959, Norris 1953, PUFFER & 
Emerson 1953). Wets (1961) erklärt das Aufblühen von 
Crassostrea virginica mit deren besonderer Fähigkeit, die 
dort herrschenden niedrigen Salzgehalte bzw. die enormen 
jahreszeitlichen Schwankungen des Salzgehalts zu tolerieren, 
vor allem aber mit dem gleichzeitigen Ausbleiben von Kon- 
kurrenten und Räubern, die derartig ausgeprägten Salinitäts- 
änderungen weit weniger gewachsen sind (vgl. CAstacna & 
CHaAnteyY 1973). Die Ähnlichkeiten zwischen Liostrea und 
Crassostrea virginica hinsichtlich Wuchsform, Größe und 
Autökologie (Hupson 1963a,b) lassen für das Liostrea 
sp. A-Riff ebenfalls lagunäres Milieu mit verminderter Salini- 
tät vermuten. Parker (1955, 1960) gibt ein Riffwachstum von 
Crassostrea virginica zwischen 10 und 30% an, wobei das 
Optimum der Entwicklung zwischen 12 und 19% festzustel- 
len ist. Aufgrund des starken Zurückdrängens euryhalin- 
mariner Elemente sind für das Liostrea-Riff Werte des unte- 
ren Brachyhalinikums und Mesohalinikums wahrscheinlich. 


Der Wechsel von normalmarinem-brachyhalinem zu brak- 
kischem Milieu kommt auch in der brackischen ?Neomio- 
don-Vergesellschaftung, die den auf das Riff folgenden Silten 
entstammt, deutlich zum Ausdruck. 


In Ökologie und Diversität vergleichbare fossile Austern- 
riffe beschreiben Hupson (1963 a,b) aus dem Bathon Schott- 
lands (Liostrea hebridica-Beds) und FursicH (1981a) aus dem 
Oberkimmeridge von Santa Cruz, einige Kilometer südlich 
von Consolagäo (Praeexogyra pustulosa-Nanogyra nana-As- 
soziation!)). 


In beiden Fällen wird reduzierte Salinität als wesentlicher 
Milieufaktor genannt. Ein Vergleich der Faunenlisten der 
beiden portugiesischen Assoziationen (vgl. FürsıcH, 1981a, 


Y) Möglicherweise sind Praeexogyra pustulosa und Liostrea sp. A 
synonym zu setzen. Nach HUDSON & PALMER (1976) sind bisher 
zu Liostrea gestellte Arten der Gattung Praeexogyra zuzuord- 
nen, u. a. auch L. hebridica. 


S. 223) zeigt große Übereinstimmung in Taxonomie und Le- 
bensweise der Fauna. In Santa Cruz fehlt lediglich die Koral- 
lenfauna, die im Consolagäo-Profil den Wechsel von brachy- 
halinen zu brackischen Verhältnissen dokumentiert. Ein wei- 
terer wesentlicher Unterschied zwischen beiden Riffen be- 
steht darin, daß Nanogyra nana in Santa Cruz am Aufbau des 
Riffgerüsts mitbeteiligt ıst. 


Die als autochthon zu betrachtenden Liostrea-Schillagen 
innerhalb der dunkelgrüngrauen Silte bei 170 m finden ein 
Äquivalent in den Liostrea hebridica-Beds von Schottland 
(Hupson 1963a,b). Beide schalten sich einer Weichboden- 
fazies mit charakteristischer Brackwasserfauna der ?Neomio- 
don-Assoziation ein. Im Gegensatz zur Basis des Bioherms 
konnten in den Liostrea-Schillagen nur wenige, und zwar 
ausgesprochen euryhaline Organismen beobachtet werden 
(Procerithium, Isognomon). Dies entspricht den Aussagen 
für die Entstehung der eigentlichen Riffknospen und deutet 
darauf hin, daß die Liostrea- Assoziation im wesentlichen auf 
brachy- und mesohaline Lagunenmilieus beschränkt ist. 


3.2.12 Nerineen-Gemeinschaften 


In ihrer Bedeutung als faunenbestimmendes Element treten 
die Gastropoden gegenüber Bivalven und Korallen in den 
Hintergrund. Eine Ausnahme bilden die Valvata helicelloi- 
des- Assoziation limno-fluviatiler Milieus und einige Nerine- 
en-Horizonte, in denen Gastropoden dominieren. Innerhalb 
der Nerineen-Horizonte können zwei Vergesellschaftungen 
unterschieden werden: 


a) Nerinea sp. B-Assoziation 
b) Polyptyxis sp.-Nerinea sp. B-Assemblage 


a) Nerinea sp. B-Assoziation 


Sie ist (z. B. bei 44 m, 61 m, 118 m) an siltig-sandige Mer- 
gel und Mergelkalke bzw. siltig-mergelige Sandsteine mit ge- 
legentlich reichlich Ooiden und Bioklasten gebunden. In 
einem Horizont füllen die Gastropoden dm-breite Schüt- 
tungsrinnen. Die Erhaltung ist unterschiedlich, indem zu- 
mindest Öffnung und Apex meist beschädigt, größere Umla- 
gerungseffekte wie Abrundung hingegen eher untergeordnet 
zu beobachten sind. In einigen Horizonten weisen die Ge- 
häuse mikritische, von Cyanophyceen verursachte Krusten 
auf. Einregelung der Gehäuse stellt eine Ausnahme dar. 


Nerinea sp.B läßt sich am ehesten mit Terebra obconica SHARPE 
1850 aus den „‚Subcretaceous“-(= Oberjura-)Schichten am Cabo 
Espichel vergleichen. Wie jene besitzt Nerinea sp.B die äußeren 
morphologischen Merkmale der Nerineen, doch fehlen die typischen 
Spindelfalten. Von Terebra obconica unterscheidet sich Nerinea 
sp. B durch einen kleineren Winkel zwischen Naht und der Horizon- 
talen. Da der Gattungsname Terebra känozoischen Formen vorbe- 
halten ist (WENZ 1938-1944), steht sowohl für die Art ‚‚obconica“ als 
auch für Nerinea sp. B eine genaue generische Zuordnung noch aus. 
Aufgrund der morphologischen Merkmale und des für Nerineen cha- 
rakteristischen massenhaften Auftretens werden beide Arten hier un- 
ter Vorbehalt zu den Nerineen gestellt. 


Soweit Begleitfauna vorhanden ist, handelt es sich um epi- 
benthonische Mollusken und Korallen (Bakevelliide A, Pte- 
roperna sp.M, Placophyllia cf. minima, Aporrhais musca, 
Procerithium sp.). 


b) Polyptyxıs sp.-Nerinea sp.B-Assemblage 


Sie findet sich in einer mehrere dm-mächtigen, nordöstlich 
des Fort von Consolagao am Strand anstehenden Mittel- und 
Grobsandsteinbank. Dieser Schichtkomplex ist tektonisch 
vom eigentlichen Profil abgetrennt und entspricht in Faunen- 
charakter und Milieu höheren Bereichen des ungestörten Pro- 
fils, in dem diese Assemblage nicht auftritt. Der Sandstein be- 
steht aus zahlreichen gut voneinander unterscheidbaren cm- 
bis dm-dicken Schrägschichtungskörpern mit nester- oder 
schichtweiser Fossilkonzentration. Die Fauna setzt sich 
überwiegend aus Polyptyxis sp., Nerinea sp.B, seltenen Se- 
quania sp., Zygopleura sp. und Neritina bicornis zusam- 
men, daneben finden sich einige Bivalven (Bakevelliide AB, 
Pteroperna sp., Eomiodon securiformis). Gehäuseeinrege- 
lung wurde nicht beobachtet. Sämtliche Erhaltungszustände 
von vollständigen Gehäusen bis zu einzelnen Spindelfrag- 
menten kommen vor. Auffallend ist die in anderer Fazies 
nicht erreichte Gehäusegröße. So sind die Exemplare von Ne- 
rinea sp. B durchschnittlich um ein Viertel bis ein Drittel grö- 
ßer als in der mergeligen Fazies. 


Diskussion 


Die Nerineenansammlungen von Consolagäo stellen trotz 
des teilweise hohen Fragmentationsgrads in einigen Horizon- 
ten autochthone bis parautochthone Vergesellschaftungen 
dar. Hierfür sprechen vor allem die einheitliche Zusammen- 
setzung der Fauna, die Seltenheit anderer Fossilgruppen, das 
regelmäßige Wiederkehren der Gastropoden in einzelnen 
Schüttungskörpern des Grobsandsteins und die fehlende Ein- 
regelung der Gehäuse (DauwaALDEr & REMmAnE 1979). 


Autochthone Nerineen-Schille sind weitverbreitet in Jura- 
und Kreide-Schichten/Sedimenten. Sie scheinen dabei keine 
bestimmten Biotope zu bevorzugen und treten sowohl in Ko- 
rallenriffbereichen als auch in Lagunen auf (DAUWALDER & 
ReEMAnE 1979, WIECZOREK 1979, HerMm 1977). Die bislang nä- 
her untersuchten portugiesischen Vorkommen sind an siltige 
Sandsteine und knollige Biomikrite gebunden, die eher mä- 
Rig- bis niedrigenergetisches Milieu anzeigen (Fürsıch et al. 
1980). Die sandigen Mergel(-Kalke) mit Nerinea sp.B spie- 
geln ebenfalls eher mäßige Wasserbewegungen wider, die 
i.d.R. nicht zur Auswaschung des feinkörnigen Silts ausge- 
reicht haben. Die in einigen Lagen häufigen, auf Cyanophy- 
ceen zurückgehenden Umkrustungen deuten allerdings die 
Möglichkeit an, daß das Sediment durch Algen- bzw. Cyano- 
phyceenfilme gebunden war, der Siltanteil also ein zu nieder 
energetisches Milieu vortäuscht (BATHURsT 1967). Ein relatıv 
hoher Gehalt an Bioklasten und Ooiden spricht hier zumin- 
dest ebenfalls für etwas stärkere Wasserbewegungen. 


Nerinea sp.B kommt in fast allen Epibenthosgemeinschaf- 
ten untergeordnet vor, worin sich der eurytope Charakter 
dieser Art widerspiegelt. Die Bildung monospezifischer As- 
soziationen am Top gröber werdender Prodeltasilte, an der 
Basıs von Korallenbiostromen und am Top von Oolithbarren 
drückt die Anspruchslosigkeit gegenüber den Biotopbedin- 
gungen ebenfalls aus. 


Ausschließlich in hochenergetischem Milieu tritt dagegen 
die Assemblage mit Polyptyxis sp. und großen Nerinea 
sp. B-Formen auf. In der Lithofazies mit der Polykladich- 
nus-Fazies (s.2.6.2) vergleichbar repräsentieren die Grob- 
sandsteine strandnahe Flachstwasserbildungen. Die Bivalven 
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der Assemblage, vor allem Eomiodon securiformis, lassen eine 
Aufarbeitung sandiger Sedimente einer Brackwasserlagune 
(s. Eomiodon- Assoziation, 3.3.6) vermuten. Die Grobsand- 
fazies liegt im Profil im Hangenden einer korallenführenden 
Vergesellschaftung und wird von bräunlichen Silten mit deut- 
lichem Brackwassereinfluß gefolgt. Die Grobsandfazies stellt 
den Übergang von marinem zu lagunärem Milieu dar und ist 
als Lagunenstrand anzusprechen. Autochthone Nerineen- 
Anreicherungen sind in ähnlich grobklastischer Fazies aus 
den oberkretazischen Gosau-Schichten bekannt; sie werden 
ebenfalls einem Ablagerungsbereich einer äußeren Lagune 
zugeordnet, der gelegentlich von Umlagerungen des eigent- 
lichen Strandbereichs erfaßt wurde (HErM 1977). 


Allen Nerineen-Horizonten ist gemeinsam, daß sie mit se- 
dimentologisch deutlich erkennbaren Faziesänderungen ge- 
koppelt sind. Meist liegen Wechsel von niedrig- zu höher- 
bzw. hochenergetischem Milieu vor, wobei Nerinea sp.B 
bzw. Polyptyxis sp. die neu geschaffenen ökologischen Ni- 
schen mit großen Individuenzahlen besiedeln. Dieses für Op- 
portunisten typische Verhalten ist bereits von anderen Neri- 
neen bekannt (WIEcZoRER 1979) und läßt vermuten, daß Ne- 
rineen-Schille allgemein weniger ein bestimmtes Biotop cha- 
rakterisieren, sondern rasche Fazieswechsel anzeigen. 


3.3 ENDOBENTHONISCHE FAUNENGEMEIN- 
SCHAFTEN 


3.3.1. Corbulomima suprajurensis- 
Mesosaccella dammariensis-Assoziation 


(9 statistische, 12 weitere Proben) 


Sie ıst die charakteristische Faunenassoziation des tieferen 
Profilabschnitts und findet sich dort in der Regel an der sil- 
tig-tonigen Basis von coarsening-upward-Sequenzen. Sie tritt 
daneben in den siltig-mergeligen Zwischenlagen innerhalb 
der Knollenkalkserie am Fort von Consolagao auf. 

Die Assoziation besteht überwiegend (91,2%) aus Orga- 
nismen, die ganz oder teilweise im Sediment eingegraben le- 
ben (Corbulomima suprajurensis, Mesosaccella dammarien- 
sis, Inoperna perplicata, Caestocorbula sp., Protocardıa sp.P, 
Nicaniella cingulata). Byssat-epibenthonische Bivalven 
nehmen zwar eine untergeordnete Rolle ein (Mytilus sp., Ar- 
comytilus morrisi, Camptonectes comatus), sind aber regel- 
mäßige Begleiter vor allem der etwas sandigeren Partien. Die 
wenigen festzementierenden Formen Placunopsis suprajuren- 
sis und Nanogyra nana (2,0%) dürften auf dem Meeresboden 
liegende Schalenreste oder Pflanzen besiedelt haben. 

Etwa 80% der Molluskenfauna sind Suspension filtrierende 
Bivalven (Tab. 12, Abb. 18). Lediglich die Nuculanide Me- 
sosaccella dammariensis ıst detritophag, steht dabei mit 
17,6% an der zweiten Stelle des Trophic Nucleus und nimmt 
auch in nahezu allen Einzelproben den zweiten Rang hinter 
Corbulomima suprajurensis ein. 

Gastropoden sind mit herbivoren (Procerithium sp.), car- 
niphoren (Ampullina sp.) und detritusfressenden (Aporrhaıs 
elegans, ‚‚Alaria‘“ sp.) Formen nur zu 2,6% an der Fauna be- 
teiligt. 

Die Mollusken, meist ehemalige Aragonitschaler, liegen als 
Schalenabdrücke vor. Nur die primär aus Kalzit bestehenden 
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Tab. 12 : Corbulomima suprajurensis - Mesosaccella dammariensis - Assoziation 
relative Anwesenheit in Lebens- 
Häufigkeit den Einzelproben weise 
+ Corbulomima suprajurensis 30,3 % 100 % T 
+ Mesosaccella dammariensis 17,6 100 I 
+ Inoperna perplicata 8,6 88 Si 
+ Bivalve T 4,4 55 IE 
+ Caestocorbula sp.A Al 66 T; 
+ Protocardia Sp.P 4 77 Ir 
+ Nicaniella cingulata 39 66 I 
+ Mytilus Sp. 376 33 EB 
+ "MArca" ficalhoi 29 88 at 
+ Thracia incerta 271 44 
Camptonectes Cf.comatus 2,1 55 
Nicaniella sp.B 1:8 UM] I 
Placunopsis suprajurensis 1,7 55 EBC 
Corbula sp.D 1,4 55 7: 
N.(Trautscholdia) supracorallina 1,2 55 15 
Protocardia intexta Im2 66 16 
Procerithium sp. 0,9 22 ?E 
Gastropode P 0,9 22 DE 
Cercomya (Capillimya) striata 0,8 66 I 
"Arca" cruciata O7: 44 
Arcomytilus cf.morrisi 0,7 44 EB 
Corbulomima sp.E 0,6. 44 T: 
Plectomya rugosa 0,3 22 I 
"Cardita" asteriana 0,5 44 I 
Ampullina Sp. 0,4 22 E/I 
Pteroperna Sp. 0,4 22 EB 
Exogyra SP. 073 22 EC 
Aporrhais elegans 0,3 11 T/ST 
Modiolus Sp. 0,3 44 2Si 
Mactromya concentrica 0,2 11 I 
Nicaniella sp.aff.cingulata o,1 11 JE 
Ceratomya excentrica 9,1 11 I: 
"Alaria" sp. O4 17 I/Si 
astartide Bivalve 9,07 1.1 T 
Cuspidaria Sp. 0,07 11 T: 
"Lucina" rugosa 0,07 1 I 
Isocyprina Sp. 0,07 15 T 
Bivalve ex Solenacea 0,07 11 I 
Echinodermatenstachel g-h 
Foraminiferen 
Alveosepta jaccardi sh 
Everticyclammina virguliana g9-h 
Lenticulina Sp. s-g 


div. lituolide Foraminiferen 


Ostrakoden 

Schuleridea sp.1 g-h 
Asciocythere aff.sp.2 g 
Cytherella suprajurassica h 


div. gen. et sp. indet. 


Ernährungs- 
weise 
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Din nen Jan nenn gan 


Schalen von Austern sind in ihrer ursprünglichen Form über- 
liefert. Sämtliche Faunenelemente erreichen nur vergleichs- 
weise geringe Schalengrößen. 


Nur die zwei dominierenden Arten der Assoziation, Cor- 
bulomima suprajurensis und Mesosaccella dammariensis, tre- 
ten in allen Einzelproben auf. Zwei weitere Arten (/noperna 
perplicata, Bivalve T) kommen in acht der neun statistisch 
verwerteten Proben vor. Die unregelmäßige Häufigkeitsver- 
teilung (vgl. Tab. 12) der übrigen Faunenelemente geht zum 
einen auf kleinere Unterschiede in der Korngrößenzusam- 
mensetzung und die damit verbundenen leicht differierenden 
Substrateigenschaften zurück (vor allem wechselnd hoher 
Feinsandgehalt). Zum anderen liegt sie in der nesterartigen 
Lebensweise einiger Arten (Nicanıella sp.B, Nicaniella cın- 
gulata, Bivalve T, Mytilus sp.) begründet, die innerhalb einer 
einzigen Probe stellenweise angehäuft sind, ansonsten jedoch 
fehlen oder nur selten auftreten. Bei der statistischen Auswer- 
tung gewinnen diese Arten an Bedeutung zu Lasten der 
gleichmäßig in vielen Proben vorkommenden, jedoch indivi- 
duenarmen Arten (,,‚Arca“ ficalhoi, Capıllimya striata, Pro- 
tocardıa intexta, Modiolus sp.). 


Die Mikrofauna zeigt in allen Proben eine geringe Diversi- 
tät. Innerhalb der Foraminiferen überwiegen lituolide For- 
men (Alveosepta jaccardı, seltener Everticyclammina virgu- 
hana ). Cytherella suprajurassica, Asciocythere aff. sp. 3 und 
Schuleridea sp. 1 (beide sensu RamaLHo 1971) sind die häufig- 
sten OÖstrakoden. Bis zu einige Millimeter große Lignitreste 
sind meist reichlich vorhanden. Die Farbe des Sediments 
schwankt zwischen schwarz, dunkel- und braungrau. 


Diskussion 


Die Corbulomima-Mesosaccella- Assoziation ist gekenn- 
zeichnet durch das Dominieren endobenthonischer Faunen- 
elemente und die auffallende Seltenheit epibenthonischer 
Formen. Derartige Faunenzusammensetzungen sind typisch 
für weiche, thixotrope Substrate, die mit einem hohen Volu- 
menanteil an Wasser (bis zu 70%) keine klar definierbare Se- 
diment-Wasser-Grenze aufweisen und keine oder nur geringe 
Stabilität und Tragfähigkeit für eine Epifauna besitzen 
(RHoADs 1970, THAYER 1975). Auf geringe Substratkonsistenz 
deuten insbesondere die zwei dominierenden Arten hin. Re- 
zente Corbuliden, zu deren Verwandtschaft Corbulomima 
zu rechnen ist, zählen zu den am besten an Weichbodenver- 
hältnisse adaptierten Bivalvengruppen. Sie vermögen vor al- 
lem höhere Sedimentmengen, die sich im Sediment-Wasser- 
Grenzbereich in Suspension befinden (RHnoans & YounG 
1970) und bei der Nahrungsaufnahme unvermeidlich mit auf- 
genommen werden, von den organischen Bestandteilen zu 
trennen und wieder auszustoßen (YoNGE 1946). 


Feinkörnige Sedimente führen von allen Sedimenttypen 
den meisten organischen Detritus (THAYER 1975, FÜUCHTBAUER 
& Mürıer 1977) und sind deshalb bevorzugte Fazies für De- 
tritusfresser. Allerdings fällt auf, daß substratfressende For- 
men in der Assoziation mit Mesosaccella dammariensis und 
lediglich zwei seltenen Gastropodenarten (Aporrhais elegans, 
„‚Alaria“ sp.) nur schwach repräsentiert sind. In vergleichba- 
ren rezenten Sedimenten dominieren dagegen Detritusfresser 
mit großer Arten- und Individuenzahl gegenüber Filtrierern 
(RHoaps & Young 1970, DriscoLL & BrRANDON 1973, PARKER 
1959, SanDers 1958, 1960). 
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Das Vorherrschen von Suspensionsfiltrierern ist nicht ein- 
deutig zu erklären. DrıscorL & BRANDoN (1973) vermuten, 
daß die im Vergleich zu Suspensionsfiltrierern dünnen Scha- 
len der Substratfresser durch postmortale Prozesse leicht zer- 
stört und aufgelöst werden können und somit kaum Chancen 
für eine fossile Überlieferung bestehen. Da Mesosaccella 
dammarıensis eine relativ dünne Schale ausbildet und die Ab- 
drücke der Schale selbst die feinen konzentrischen Ornamen- 
tierungen und die Schloßzahn-Strukturen wiedergeben, ist 
eine vollständige mechanische oder chemische Zerstörung 
von Schalen einer ganzen Gruppe ursprünglich vorhandener 
Detritusfresser sehr unwahrscheinlich. Das Fehlen weiterer 
„‚deposit-feeder‘‘ im gesamten Consolagäo-Profil deutet eher 
auf primäre Abwesenheit hin, zumal auch in anderen Oberju- 
ra-Profilen Portugals in entsprechenden Fazies eine Armut an 
solchen Mollusken festzustellen ist (vgl. FürsıcH et al. 1980, 
FursicH 1981a). 


Ein ähnlich ungünstiges Verhältnis von Substratfressern zu 
Filtrierern berichtet WrıGHT (1974) aus Oberjura-Sedimenten 
von Wyoming und Dakota. Er nimmt aufgrund der hellen Se- 
dimentfarbe einen Mangel an organischem Dertritus als Ur- 
sache für das Ausbleiben von detritophagen Formen an. Die 
Erklärung trifft für die Consolagäo-Schichten sicher nicht zu, 
da diese ı.d.R. eine dunkle Färbung aufweisen und reich an 
organischen Substanzen wie Lignit oder Pflanzenhäcksel sind 
und gelegentlich Pyrit enthalten. 


Nach rezenten Studien zeigen Faunengemeinschaften, die 
von Detritusfressern bestimmt sind, ein stabiles Biotop an 
(Levnton 1972). Eine geringe Artenzahl entsprechender Or- 
ganismen indiziert somit ein eher instabiles Biotop mit fluktu- 
ierenden physikalischen oder chemischen Biotopfaktoren. 


Sowohl Mikro- wie Makrofauna setzen sich aus euryhalı- 
nen Arten zusammen. Vor allem die dominierenden Gattun- 
gen gelten als Vertreter des unteren Brachyhalinikums (Cor- 
bulomima, Protocardia, Liostrea) und oberen Brachyhalini- 
kums (Corbulomima, Protocardıa, Liostrea) und oberen 
Brachyhalinikums (Mesosaccella, Tbhracia, Nicaniella, 
Camptonectes) (HaıLam 1976). Organismen des offenen 
Meeres fehlen (nur zwei Ammoniten wurden im gesamten 
Profil gefunden). Ebenso meiden stenohaline Formen diese 
Fazies, so daß z. B. die Echinodermaten nur mit einer Art 
bzw. einem Stacheltyp vertreten sind. Offensichtlich kon- 
trollierten neben der geringen Substratkonsistenz schwan- 
kende und leicht erniedrigte Salzgehaltswerte das Faunen- 
spektrum und waren wesentlich für die relativ niedrige Diver- 
sıtät (D = 7,0) verantwortlich. Salinitätsfluktuationen sind 
möglicherweise auch ein Grund für die geringe Zahl an Detri- 
tusfressern. Die Einschaltung der Weichbodenfazies zwi- 
schen autochthonen Korallenbiostromen lassen Salinitäts- 
werte des euhalinen und oberen brachyhalinen Bereichs ver- 
muten (25-35%o). 


Auffallend in allen Weichbodenassoziationen ist die ge- 
ringe Schalengröße der Fauna. Sortierung durch Transport- 
vorgänge scheidet als Ursache aus, da ein breites Größenspek- 
trum überliefert ist. Bedeutende Transportweiten sind auch 
aufgrund der hohen Anzahl doppelklappig erhaltener Zwei- 
schaler, des ausgeglichenen Verhältnisses linker zu rechter 
Schalenhälften und des insgesamt geringen Fragmentations- 
grades unwahrscheinlich. Die bei den Bivalven zu beobach- 
tende Disartikulation ist vor allem auch auf die Durchwüh- 
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Abb. 18: Trophic Nucleus der Corbulomima suprajurensis-Mesosaccella dammariensis- Assoziation (A), 
Thracıa incerta-Corbulomima suprajurensis- Assoziation (B), Mesosaccella dammariensis - Protocardia in- 
texta- Assoziation (C) und Thracıa incerta- Assoziation (D). 
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lung des Sediments durch Polychaeten, Crustaceen (der De- 
kapode Magıla sp.) und Mollusken zurückzuführen. 


Die geringe Schalengröße läßt sich am ehesten als Anpas- 
sung an das Weichbodensubstrat verstehen. Ein günstiges 
Verhältnis von Oberfläche zu Volumen vermindert die Kraft 
pro Flächeneinheit, die vom Gewicht des Organismus auf das 
Sediment ausgeübt wird, und reduziert damit die Gefahr des 
Versinkens unter lebensbedrohliche Tiefe (RHnoAns 1970, 
STAnLEY 1970, LEvINTON & BamBacH 1970). Zusätzlich dürfte 
das Verklumpen (‚‚clogging‘“) des in Suspension befindlichen 
und von der Fauna aufgearbeiteten Detritus zu einer Beein- 
trächtigung des Filtriermechanismus der Suspensionsfiltrierer 
und damit zu einer Wachstumsverringerung geführt haben 
(Levinton & BamsacH 1970). 
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Die Assoziation bleibt beschränkt auf feinkörnige Sedi- 
menttypen, die ein ruhiges Ablagerungsmilieu reflektieren, 
ansonsten ist sie jedoch weit verbreitet. Sie kommt als Ein- 
schaltung zwischen Korallenbiostromen und den in # nor- 
malmarinen Lagunen und Buchten sedimentierten Knollen- 
kalken vor, tritt bevorzugt aber im Prodeltabereich auf, in 
dem coarsening-upward-Sequenzen einen erhöhten fluviatil- 
terrestrischen Einfluß und leicht schwankende Salinität indi- 
zieren. 


Eine Assoziation ähnlicher Zusammensetzung und Diver- 
sität istin Portugal als Mesosaccella dammariensis-Corbulo- 
mima suprajurensis- Assoziation aus dem Tithon am Cabo 
Espichel und dem Oberkimmeridge von Santa Cruz be- 
schrieben (FürsıcH etal. 1980, FürsıcH 1981a). Sie ist in diesen 


Tab. 13 Thracia incerta - Corbulomima suprajurensis - Assoziation 
relative Anwesenheit in Lebens- Ernährungs- 
Häufigkeit den Einzelproben weise weise 

+ Thracia incerta ZSFAET 100 % T S 
+ Corbulomima suprajurensis 19,9 100 T Ss 
+ Protocardia intexta 14,5 100 T: Ss 
+ Caestocorbula sp.A 6,5 66 T Ss 
+ Mesosaccella dammariensis 6,2 100 gt D 
+ Protocardia sp.P 5 100 T 5 
+ “"Arca" ficalhoi 343 100 I Ss 

Pholadomya constricta 3,5 66 7: Ss 

N.(Trautscholdia) supracorallina PAR) 66 I Ss 

Inoperna perplicata 1,1 33 Si Ss 

Corbula sp.D rl 66 T Ss 

Nicaniella Sp. 0,9 33 I Ss 

Placunopsis suprajurensis 0,9 33 EBC Ss 

Bivalve T Oi 66 T ?S 

Plectomya subrugosa 0,7 33 I Ss 

Exogyra SP. 075 66 EC 

Gastropode A 07:5 33 ?E ?H 

Gastropode B 0,5 33 ?E ?H 

Ampullina Sp. 075 33 I/E ?Ca 

Nerita sulcatina 0,5 33 Su ?D 

Mytilus SP. 0,5 33 EB S) 

Neaera portlandica O2 33 S 

Camptonectes Sp. 0,2 33 Ss 

heterodonte Bivalven 0,6 Ss 

Nebengruppen 

Magila Sp. s 

Foraminiferen : 

Alveosepta jaccardi h-sh 

Everticyclammina virguliana g 

Ostrakoden : 

Asciocythere aff.sp.2 g 

Cytherella suprajurassica h 


div. gen. et sp. indet. 
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Profilen an feinkörnige, mergelig-siltige Knollenkalkein- 
schaltungen und coarsening-upward-Sequenzen gebunden. 
Eine Diversitätsverminderung infolge von Salinitätsschwan- 
kungen läßt sich besonders im Santa Cruz-Profil feststellen 
(Fürsich 1981a). Diese Beobachtungen decken sich gut mit 
denen in der Unterkimmeridge-Assoziation der Consola- 
cäo-Schichten und bestätigen die Stellung der Assoziation als 
typische Faunengemeinschaft der strömungsarmen, unter 
mäßigem fluviatil-terrestrischen Einfluß stehenden Biotope 
oberjurassischer küstennaher Gewässer. 


3.3.2 Thracıia incerta- 
Corbulomima suprajurensis-Assoziation 


(3 statistische, 8 weitere Proben) 


Der Trophic Nucleus (Tab. 13, Abb. 18) wird in allen Ein- 
zelproben von Thracia incerta angeführt (25,4%), gefolgt 
von den ebenfalls suspensionsfiltrierenden Bivalven Corbu- 
lomima suprajurensis, Protocardia intexta und Caestocorbula 
sp. A. Einen Großteil der Formen teilt die Assoziation mit der 
bereits beschriebenen Corbulomima-Mesosaccella- Assozia- 
tion, allerdings ist eine deutliche Verringerung der Fossil- 
dichte und eine Abnahme der Arten festzustellen. 


Die Fauna liegt in schwarzen bis dunkelgrauen Silten vor, 
die in den Schlämmrückständen neben einer gering diversen 
und individuenarmen Mikrofauna gelegentlich Rogenpyrit 
enthalten. 


Der Diversitätsindex D ist mit 6,9 nur geringfügig kleiner 
als der der Corbulomima-Mesosaccella- Assoziation, doch 
nimmt die Rarefactionkurve einen spürbar niedrigeren Ver- 


lauf (Abb. 24). 


Diskussion 


Mitähnlichem Artenspektrum, einem für Weichbodensub- 
strate typischen Epifauna-armen Benthos und dem Überwie- 
gen von filtrierenden Organismen steht die Assoziation der 
Corbulomima-Mesosaccella- Assoziation sehr nahe. Der we- 
sentliche Unterschied besteht in der Häufigkeit von Thracıa 
incerta, die ın allen Einzelproben dominiert, in der Corbulo- 
mima-Mesosaccella-Gemeinschaft hingegen mit 2,1% gerade 
noch im Trophic Nucleus vertreten ist. Die Ähnlichkeit bei- 
der Faunengemeinschaften könnte andeuten, daß das Vor- 
herrschen von Thracıa incerta zufällig oder durch nesterar- 
tige Siedlungsweise bedingt ist und somit nur eine Sonderfa- 
zies innerhalb der Corbulomima-Mesosaccella- Assoziation 
darstellt. Allerdings wurden bei Thracia Nesterbildungen 
nicht bekannt, die Individuen verteilen sich gleichmäßig im 
Sediment. Für eine Trennung spricht auch, daß beide Asso- 
ziationen in eigenen Profilabschnitten vorkommen und sich 
nicht einander abwechseln. So tritt die Corbulomima-Meso- 
saccella- Assoziation in den unteren 35 m auf, die Thracia- 
Corbulomima-Assoziation folgt in höheren Bereichen, vor 
allem zwischen 50 und 65 m. 


Die etwas geringere Diversität, die im Verlauf der Rarefac- 
tionkurve klar zum Ausdruck kommt, deutet erhöhten phy- 
sikalischen Streß an. Da Sediment und Faunenzusammenset- 
zung ähnliche Substratbedingungen anzeigen, sind als 
Hauptursache für das Dominieren von Thracia incerta grö- 
ßere Salinitätsschwankungen zu vermuten. Auch die wech- 


selhaftere Sedimentologie mit verstärkter Einschaltung von 
sandigen Schüttungen, rasch sedimentierten Glimmersilten 
(s. 2.8.3) und das Vorkommen der Fauna in coarsening-up- 
ward-Folgen, die typisch sind für vorwärts schreitende Deltas 
(ErLıorr 1978), indiziert fluktuierende Salzgehalte. Zudem 
erweist sich Thracia in jüngeren Horizonten als besonders 
tolerant gegenüber verminderter Salinität. Das Fehlen typisch 
brackischer Elemente läßt eine Zuordnung in das Brachyhali- 
nikum als vorwiegendes Salinitätsregime zu. 


In Anlehnung an die Biotop-Aussagen zur Corbulomi- 
ma-Mesosaccella-Gemeinschaft ıst ein geschütztes Milieu im 
oberen Prodeltabereich wahrscheinlich. 


3.3.3 Mesosaccella dammariensis- 
Protocardia intexta- Assoziation 


(1 statistische, 2 weitere Proben) 


Die Assoziation tritt in blaugrauen, schnell bräunlich an- 
witternden Silten zwischen 70 und 90 m auf. Sie besteht na- 
hezu vollständig aus endobenthonischen Organismen. 
Arcomytilus cf. morrisi und Camptonectes sp. repräsentie- 
ren mit 3% die einzigen epibenthonischen Elemente. Der 
Trophic Nucleus (Tab. 14, Abb. 18) wird von der Substrat 
fressenden Bivalve Mesosaccella dammariensis (319) domi- 
niert, zusätzlich enthält er sechs weitere Bivalven, die wie alle 
übrigen endobenthonischen Muscheln flach grabende Sus- 
pensionsfiltrierer sind. Gastropoden fehlen in dieser Asso- 
ziation. 


In der gering diversen Mikrofauna überwiegt Alveosepta 
jaccardi, seltener sind Psendocyclammina parvula und Lenti- 
culina sp., Everticyclammina virguliana wurde nicht beob- 
achtet. 


Das Sediment enthält nur Komponenten bis0,2 mm. In der 
Feinfraktion befinden sich zahlreiche Kleinooide mit mikriti- 
sierter Rinde. Die Diversität ist mit D = 6,6 mäßlig hoch, eine 
Rarefactionkurve konnte aufgrund der geringen Individuen- 
zahl nicht erstellt werden. 


Diskussion 


Wie in den von Corbulomima suprajurensis und Thracıa 
incerta angeführten Assoziationen überwiegen endobentho- 
nische Faunenelemente weitaus die auf dem Sediment leben- 
den Formen und zeigen entsprechend günstige Substratbe- 
dingungen für das Endobenthos an. Im Vergleich zu den an- 
deren Weichbodenassoziationen ist eine stärkere Dominanz 
von Detritusfressern und ein erhebliches Zurückdrängen der 
Epifauna festzustellen. Beides deutet auf vermehrte Instabilı- 
tät des Sediments als Folge höherer Wasserkonzentrationen ın 
den obersten Sedimentpartien hin (Rnoaps & Young 1970, 
THaAYER 1975). Das Fehlen von sandigen Komponenten trägt 
zusätzlich zur Verminderung der Anheftungsmöglichkeit für 
byssate Bivalven bei. 


Die Faunenelemente sind sämtlich euryhalin-mariner Na- 
tur (vgl. 3.3.1, Haııam 1976) und zeigen schwankende Salz- 
gehalte an. Typische Makrofaunenelemente des Mesohalıni- 
kums (5-18%o) und des hypersalinaren Bereichs (=40%o) feh- 
len. Es weisen allerdings einige Ostrakoden auf erheblichen 
Einfluß von Süßwasser hin (div. Ostrakoden n. gen. n. sp., 
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Tab. 14 : Mesosaccella dammariensis - Assoziation 
relative Lebensweise Ernährungsweise 
Häufigkeit 
+ Mesosaccella dammariensis 31,3 % ar D 
+ Protocardia intexta 14,1 IE Ss 
+ Protocardia sp.P 9,4 I Ss 
+ Corbulomima suprajurensis 778 T: Ss 
+ Isocyprina SP. 7,8 I Ss 
+ Inoperna perplicata 4,7 Si Ss 
+ Thracia incerta 4,7 I iS 
Corbulomima Sp.G 4,7 I Ss 
Nicaniella sp.B 47, TE S 
Corbula sp.D 37.1 T Ss 
N.(Trautscholdia) supracorallina ul T: Ss 
Arcomytilus SP. 1,6 EB Ss 
"Arca" cruciata 17.6 T: Ss 
Camptonectes Cf.comatus 1,6 E Ss 
Foraminiferen : 
Alveosepta jaccardi sh 


Pseudocyclammina parvula 


Lenticulina Sp. 


div. Ostrakoden, n. det. 


frdl. Mitt. RamaLHo & HELMDACH). Dies äußert sich auch ın 
der bräunlichen (Verwitterungs-)Farbe des Sediments, die in 
den Consolagäo-Schichten stets zusammen mit brackischen 
Faunenenelementen erscheint. Die Häufigkeit der Gattung 
Protocardia gilt ebenfalls als Indiz leicht brackischer Verhält- 
nisse (Casey 1955, LoRIOL & JaccArD 1865). Alveosepta jac- 
cardı als dominierende Foraminifere läßt Werte des Brachy- 
halınıkums vermuten (18-30 %o). 


Das für diesen Profilabschnitt auffallend feinkörnige Sedi- 
ment spiegelt zusammen mit der Fauna ein ruhiges, geschütz- 
tes Ablagerungsmilieu einer Bucht oder größeren Lagune wi- 
der. Die Ooide in der Feinfraktion weisen auf eine nahelie- 
gende Schwelle hin, die möglicherweise ebenfalls zur Ab- 
schirmung des Biotops vor Strömungen beigetragen hat. 


3.3.4 Thracia incerta-Assoziatıon 


(2 statistische, 4 weitere Proben) 


Sie tritt im Profil zwischen 90 und 100 m in (dunkel)grauen 
mergeligen Basissilten von coarsening-upward-Sequenzen 
auf, deren Abschluß sandige Silte und Feinsand- bzw. Grob- 
sandsteine bilden. Teilweise sind die Thracia-Horizonte ero- 
siv von submarinen Channel-Sandfüllungen durchschnitten. 


Die Fauna (Tab. 15) setzt sich überwiegend aus endoben- 
thonischen Formen zusammen, wie sie auch in der Corbulo- 
mima-Mesosaccella- und Tbhracia-Corbulomima-Assozia- 
tion auftreten. Epibenthonische Bivalven (Arcomytilus cf. 
morrisı, Lycettia sp., Placunopsis suprajurensis ) und Gastro- 
poden (Procerithium sp.) nehmen nur eine untergeordnete 
Rolle ein (3,7%). Mit 72,6% häufigste Art ist Thracıa ıincerta, 
die nicht nur durch die Individuenzahl, sondern auch auf- 


grund der Biomasse die Assoziation klar dominiert. Sie liegt 
meist ın beidklappiger Erhaltung vor, so daß Zusammen- 
schwemmung oder Transport ausscheiden. 


Corbulomima suprajurensis (4,890) und Nicaniella sp. 
(3,89) vervollständigen den Trophic Nucleus (Abb. 18). 
Abgesehen von Mesosaccella dammariensis (Detritusfresser) 
und Procerithium (?Herbivore) sind alle Hauptgruppenele- 
mente Filtrierer. Nur drei der fünfzehn Arten (Thracıa incer- 
ta, Corbulomima suprajurensis, Placunopsis suprajurensis ) 
kommen in den beiden statistisch ausgewerteten Proben zu- 
sammen vor. Dies beruht auf der unterschiedlichen Individu- 
engröße der Proben, wobei die seltenen Arten vorwiegend in 
der individuenreicheren der beiden Proben auftreten. Da 
Thracia incerta auch in den anderen, statistisch allerdings 
nicht verwertbaren Proben des oben genannten Profilab- 
schnitts stets die dominierende Stellung einnimmt, ist eine 
Abtrennung als eigenständige Assoziation gerechtfertigt. 


Innerhalb der Mikrofauna überwiegen lituolide Foramini- 
feren (Everticyclammina virguliana, Pseudocyclammina par- 
vula, Rectocyclammina chouberti) gegenüber Ostrakoden 
(Cytherella suprajurassica, Asciocythere aff. sp. 2). 


Diskussion 


Der hohe Anteil endobenthonischer Arten innerhalb der 
Molluskenfauna (9590) weist die Assoziation als charakteri- 
stische Weichbodenfaunengemeinschaft aus. Von der ähnlich 
zusammengesetzten Thracia incerta-Corbulomima supraju- 
rensis- Assoziation unterscheidet sie sich durch eine deutliche 
Artenverarmung und die Dominanz von Thracia incerta. Die 
Bivalve tritt mit einer Häufigkeit von über 70% in allen Ein- 
zelproben auf, was die geringe Diversität (D = 1,8) und sehr 
niedrig verlaufende Rarefactionkurve zur Folge hat. Im Ge- 
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Tab. 15 Thracia incerta - Assoziation 
relative Anwesenheit in Lebens- Ernähruns- 
Häufigkeit den Einzelproben weise weise 

+ Thracia incerta 72,6 % 100 % at Ss 
+ Corbulomima suprajurensis 4,8 100 I Ss 
+ Nicaniella Sp. 3,8 50 I Ss 

Modiolus Sp. 3,8 50 ?Si S 

Mesosaccella dammariensis 32 50 at Ss 

Caestocorbula sp.A 1,6 50 I Ss 

Placunopsis suprajurensis 1,6 100 EBC Ss 

Protocardia intexta 1,1 50 I Ss 

Procerithium Sp. | 50 ?E ?H 

Arcomytilus SP. 0,5 50 EB Ss 

Isocyprina SP. 0,5 50 Ss 

N.(Trautscholdia) sp.A 9,5 50 Ss 

Mytilus Sp. O7 50 EB Ss 

heterodonte Bivalve 1,0 I S 

Foraminiferen : 

Everticyclammina virguliana sh 

Pseudocyclammina parvula h 

Rectocyclammina chouberti 

Lenticulina Sp, 

Ostrakoden 

Cytherella suprajurassica h 

Asciocythere aff.sp.2 h 

Cytheropteron SP. g 

Schuleridea Sp. g 


gensatz zu den anderen, nahe der Sedimentoberfläche leben- 
den endobenthonischen Bivalven vermag Thracia mit ihrem 
langen Sipho sich tief im Sediment aufzuhalten. Zusätzlich er- 
laubt der Bau schleimverfestigter Röhren ein Zurückziehen 
des Sipho und damit ein tieferes Graben als die Länge des Si- 
pho anzeigt; gleichzeitig können die Siphoenden vor räuberi- 
schen Organismen an der Sedimentoberfläche geschützt wer- 
den (YoncGe 1937b, Durr 1978). 


Die extreme Dominanz einer tief grabenden, besser ge- 
schützten Form läßt auf erhöhte Streßbedingungen für die 
Fauna an der Sediment-Wasser-Grenzschicht schließen. Die 
rasche Kornvergröberung innerhalb der coarsening-up- 
ward-Folgen, die seitliche Verzahnung mit Sandsteinen und 
die hochenergetische Polykladichnus-Fazies im Hangenden 
des letzten Thracia-Horizonts machen als Ursache für das 
Zurücktreten flachgrabender Elemente den häufigen Wechsel 
im Sedimentationsgeschehen wahrscheinlich. Der Wechsel 
birgt insbesondere die Gefahr der Ausspülung in sich. Betrof- 
fen dürften vor allem Jugendstadien sein, die mit kleinem Si- 
pho-Durchmesser die anfallenden Siltmengen kaum bewälti- 
gen können und eine hohe Mortalität aufweisen (LEVINTON & 
BamsacH 1970); adulte Individuen sind deshalb nur in gerin- 
ger Dichte vertreten. 


Die Tatsache, daß außer Thracıa incerta keine weiteren tief 
grabenden Bivalven in der Assoziation vorhanden sind, 
spricht für den Einfluß zusätzlicher limitierender Faktoren. 


Entscheidend dürfte die Salinität sein, wie das Fehlen von ste- 
nohalinen und typisch euhalinen Organismen andeutet. Ein 
Vergleich mit den Faunenlisten der Corbulomima-Mesosac- 
cella-Assoziation und Thracia-Corbulomima-Assoziation 
zeigteine Verarmung gerade der euhalinen Mollusken und ein 
Vortreten typisch brachyhaliner Formen (vgl. HarLam 1976, 
Fursıch 1981a). Unter den Ostrakoden bevorzugen einige 
Formen ebenfalls brachyhalines Milieu (Asciocythere, Cy- 
theropteron ), Schuleridea und Cytherella tolerieren darüber 
hinaus geringere Salzgehaltswerte des Mesohalinikums 
(Brenner 1976). Das Fehlen meso- und oligohaliner Makro- 
faunenelemente und die Häufigkeit an Foraminiferen lassen 
Werte oberhalb des mesohalınen Bereichs erwarten (ca. 
18-30 %o). Gegen stärker ausgesüßtes Milieu sprichtauch, daß 
euryhalin marine Organismen (z. B. Corbulomima, Meso- 
saccella, Nicaniella, Thracia) im Gegensatz zu euryhalinen 
Opportunisten (z. B. /sognomon, Lycettia) im allgemeinen 
nicht über längere Zeit in Salinitätsbereiche innerhalb des 
Brachyhalinikums eindringen (BozscH 1977). 


Die generelle geologische Situation mit seitlich rasch aus- 
keilenden Sandsteinbänken, submarinen Channelsanden und 
laminierten Glimmersilten spiegelt für die Thracia-Silte ein 
ruhiges Ablagerungsmilieu innerhalb einer relativ hochener- 
getischen Umgebung wider. Im Zusammenhang mit der 
schwankenden Salinität sind Biotope im obersten Prodelta 
und in der Deltafront anzunehmen. 


3.3.5 


(5 statistische, 3 weitere Proben) 


?Neomiodon sp. A-Assoziation 


Sie ist die charakteristische Faunengemeinschaft zwischen 
170 und 200 m und bildet den Abschluß der unteren marinen 
Serie von Consolagäo. Die Lithologie wird von dunklen, 
z. T. grünlichen, fein- bis mittelsandigen Silten und Tonen 
bestimmt (s. 2.8.2), denen Sandlinsen und einige parallel-ge- 
schichtete Küstenstrandsande zwischengeschaltet sind. Ei- 
nige Wurzelhorizonte belegen gelegentliches Trockenfallen 
der Silte. 


Die Faunenliste (Tab. 16) wird von ?Neomiodon sp.A, 
einer Bivalvenart aus der Familie der Neomiodontiden, ange- 
führt. Zwar sind die gattungsspezifischen Schloßstrukturen 
infolge der ungünstigen Schalenabdruckerhaltung nicht über- 
liefert, doch läßt sich die Art in ihrer Form sehr gut mit Neo- 
miodon sp. A vergleichen, einer Art, die in einigen sandigen 


Tab. 16 : ?Neomiodon sp.A - Assoziation 
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Channelfüllungen als allochthones Element mit kalzifizierter 
Schale häufiger vorkommt. 


?Neomiodon sp. A bildet in nahezu allen Einzelproben den 
Trophic Nucleus allein mit 80-95% Individuenanteil 
(Abb. 19). Lediglich in einem Horizont nimmt der Anteil auf 
50% ab zugunsten zahlreicher Gastropoden, vor allem planı- 
spiraler Süß- und Brackwasserformen (Valvata, Amploval- 
vata ). Neben der hohen Individuenzahl zeichnet sich ?Neo- 
miodon sp. A durch große Formenvariabilität aus, wie sie von 
dieser Gattung bereits aus den Brackwasserbiotopen des 
norddeutschen Malms bekannt ist (HuckriEDE 1967). 


Einschließlich ?Neomiodon sp. A besteht die Fauna zu 
88,8% aus endobenthonischen, filtrierenden Bivalven, die ein 
weiches und instabiles Schlammsubstrat widerspiegeln. Drei 
Muschelarten, insgesamt 3,30, leben fixosessil auf dem Se- 
diment (Lycettia sp. A, Placunopsis suprajurensis, Ptero- 
perna sp.), dazu kommen sieben Gastropodenarten (7,9%) 


relative Anwesenheit in Lebens- Ernährungs- 
Häufigkeit den Einzelproben weise weise 
+ ?Neomiodon sp.A 80,6 %& 100 % T Ss 
Amplovalvata sp.L 4,0 80 E H 
Procerithium rugosum 23 100 ?E ?H 
Caestocorbula sp.A 2,0. 60 T Ss 
Nicaniella mysis 2,0 60 I Ss 
Corbula sp.D 1,8 40 IE Ss 
Lycettia sp.A 1,5 100 EB Ss 
Placunopsis suprajurensis iD 80 EBC S 
Eomiodon sp.A 0,8 40 IE Ss 
Neomiodon nuculaeformis 0,6 40 1: S 
Valvata helicelloides 0,5 60 E H 
Unio danischi (O5 20 ae Ss 
Amplovalvata Sp. 0,3 40 E H 
Pteroperna SP. 0,3 40 EB Ss 
Gastropode B 0,2 20 ?E ?H 
Myrene hannoverana 052 20 T Ss 
Myrene pellati 0,1 20 I Ss 
Sowerbya deshayesea 0,1 20 T Ss 
Protocardia sp.B 0,1 20 I Ss 
N.(Trautscholdia) Sp. O1 20 Ti 3} 
cf.Ampullina Sp. Ol 20 E ?Ca 
Ceritella Sp. 0,1 20 E ?H 
heterodonte Bivalve (ern) 20 it ?S 


div. Fisch- und Reptilzähne s 


Foraminiferen : 
Pseudocyclammina parvula g 
Ostrakoden 


Bisulcocypris SP. 

Cetacella armata 

Cetacella sp.aff.armata s 
cf.Kliena sp. g-h 
div. gen. et sp. indet. 
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mit unterschiedlicher Lebens- und Ernährungsweise. Detri- 
tusfresser fehlen. Ein geringer Teil der Bivalven, und zwar 
vorwiegend die dominierende Art ?Neomiodon sp. A, liegt in 
vollständiger, doppelklappiger Erhaltung vor. Ein ausgegli- 
chenes Verhältnis linker zu rechter Klappen und ein niedriger 
Fragmentationsgrad zeigen nur unwesentliche Aufarbeitung 
an. In manchen Horizonten sind noch bräunliche Periostra- 
kumreste überliefert; daneben können die Schalen einen 
braunen anorganischen krustenartigen Überzug aufweisen. 
Sämtliche Faunenelemente erreichen nur geringe Größe. 


Die Mikrofauna ist arm an Foraminiferen (gelegentlich 
Pseudocyclammina parvula ), führt aber eine artenreiche, je- 
doch individuenarme Ostrakodenfauna. 


Die Assoziation besitzt nach der Valvata helicelloides- As- 
soziation (D = 1,0) den niedrigsten Durchschnittswert des 
Diversitätsindex D mit D = 1,5, in der Rarefactionkurve 
spiegelt sich trotz der hohen Artenzahl ebenfalls eine geringe 
Diversität wider (Abb. 24). 


Diskussion 


Neomiodon ist in mittel- und oberjurassischen Sedimenten 
Großbritanniens, Frankreichs und Nord-Deutschlands eine 
weitverbreitete Gattung (u. a. Casey 1955, Hupson 1963a, b, 
HuckriepE 1967, 1968, LORIOL & JACCARD 1865, MAILLARD 
1884, CHavan 1952), ihr Erscheinen wird dabei stets mit er- 
heblich verminderten Salzgehalten in Verbindung gebracht. 
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Abb. 19: Trophic Nucleus der ?Neomiodon sp. A-Assoziation (A), Eomiodon sp. A-?Neomiodon 
sp. A-Assoziation (B) und Jurassıcorbula edwardi- Assoziation (C). 
1 = ?Neomiodon sp.A,2 = Eomiodon sp. A, 3 = Jurassicorbula edwardi, 4 = Modiolus aequiplica- 


tus, 5 = Gastropode N, 6 = Corbula inflexa 


Casey (1955) gibt für die Gattung aufgrund des gemeinsamen 
Vorkommens mit Unio, Viviparus und Süßwasserostrako- 
den als Biotop Süßwasser oder leicht brackisches Milieu an. 
Nach Hupson (1963b) läßt das gehäufte Vorkommen von 
Neomiodon auf Gewässer schließen, die gerade salzig genug 
sind, um Unio und Viviparus auszuschließen, aber noch zu 
süß, um marine Gattungen zuzulassen. 


Die Begleitfauna der Assoziation setzt sich aus Arten zu- 
sammen, die in unterschiedlichen Salıinıtätsbereichen hei- 
misch sind. Als limno-fluviatile Elemente mit eventueller 
Verträglichkeit leicht oligohaliner Gewässer (bis ca. 3%o) 
können Unio danıschi, Valvata helicelloides und wahrschein- 
lich auch die Amplovalvata-Arten gelten (Remane 1958, 
HuckrieDE 1967, LorıoL & JaccarD 1865). Hierzu sind auch 
die Ostrakoden-Gattungen Bisulcocypris und Kliena sowie 
die Characeen zu stellen (BRENNER 1976). Wie Neomiodon 
dürfte Eomiodon stark ausgesüßte Bereiche bevorzugen (Ca- 
sey 1955). Myrene wird als brackische Form beschrieben, die 
oligohaline Salzgehalte und Faunengemeinschaften mit 
gleichzeitigem Auftreten von Neomiodon und Viviparus 
meidet (Huckkriepe 1967, S. 42), somit also mesohaline Werte 
anzeigt. In den Consolagäo-Schichten finden sich die beiden 
Myrene-Arten zusammen mit Valvata-Arten und lassen so- 
mit auch eine Toleranz gegenüber oligohalinen Werten er- 
kennen. 


Oligo- bis mesohaliner Anzeiger ist die Östrakodengattung 
Cetacella (BRENNER 1976). Nach HeımvacH (1971) kommt 
sie allerdings auch im Süßwasser vor. Die Assoziation enthält 
schließlich einige Elemente, die für die aus euryhalin-marinen 
Arten bestehenden Weichbodenassoziationen (Caestocorbu- 
la, Nicaniella, Pteroperna, Ampullina) charakteristisch sind 
und brachyhalines Milieu tolerieren. Bemerkenswert ist, daß 
die in anderen Fazies faunenbestimmenden Opportunisten 
Lycettia sp. A, Procerithinm rugosum und Placunopsis su- 
prajurensis als einzige Arten ın allen Einzelproben auftreten 
und sich somit als extrem euryhalin erweisen. Ihre individu- 
enmäßig untergeordnete Rolle ist vornehmlich in der Stabili- 
tät des Weichbodensubstrats und dem Mangel an geeigneten 
sekundären Hartsubstraten zu sehen. Dies wird deutlich an 
einigen, den Neomiodon-Silten zwischengeschalteten Schill- 
lagen der beiden epibenthonisch fixosessilen Bivalven, in de- 
nen aufgearbeiteter Sedimentdetritus und Schalenreste ausrei- 
chend Möglichkeiten zur Besiedlung gewähren. 


Aus den Einzelproben läßt sich kein eindeutiger Trend ab- 
lesen, ob ?Neomiodon sp. A bevorzugt mit limnischen oder 
brachyhalinen Formen auftritt. Die Häufigkeit von Valvata 
helicelloides in einem Horizont und ihre allgemein gute Er- 
haltung spricht insgesamt für ein Milieu mit hohem Süßwas- 
sereinfluß und generell geringen Salzgehalten, also für Werte 
des Oligo- und unteren Mesohalinikums (0,3 bis ca. 10%o). 


Die niedrigen bzw. fluktuierenden Salzgehalte stellen für 
Fauna und Flora erhöhte Streßbedingungen dar, die sich in 
einer geringen Diversität (D = 1,5) und einer niedrigen Rare- 
factionkurve (Abb. 24) widerspiegeln. Beide Diversitätsindi- 
ces drücken vor allem die dominierende Stellung der Bivalve 
?Neomiodon sp. A aus, die in fast allen Einzelproben über 
80% der Individuen repräsentiert und an die Biotopbedin- 
gungen offensichtlich am besten adaptiert ist. 


Einen scheinbar gegensätzlichen Trend und vergleichs- 
weise hohe Diversität indiziert die Artendiversität (species 
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richness), die mit 23 Hauptgruppenarten ähnliche Artenzah- 
len erreicht wie einige Korallenbiostrome. Die hohe Arten- 
zahl erklärt sich im wesentlichen damit, daß die Proben der 
Assoziation die weitaus individuenreichsten aller Faunenge- 
meinschaften waren und die Korrelation zwischen Proben- 
größe und Artenzahl (FısHER, CORBET & WırLıams 1943, 
Dopp & Stanton 1981) hier deutlich spürbar wurde. Insbe- 
sondere scheinen die seltenen Formen der Faunengemein- 
schaft mit erfaßt worden zu sein. Ein Teil der nur in einer 
Probe und mit nur wenigen Individuen vertretenen Arten 
dürfte daneben eingeschwemmt sein. Da die Artenzahl in den 
einzelnen Horizonten stark schwankt, sind D-Wert (even- 
ness) und Rarefactionkurve, die in allen Proben ähnliche 
Werte aufweisen, als Diversitätsanzeiger der Artendiversität 
vorzuziehen. 


Die Assoziation besitzt die niedrigsten D-Werte der Con- 
solagäo-Faunengemeinschaften. Dies deckt sich gut mit den 
Aussagen der sogenannten REMAnE-Kurve (REMANE 1958), 
wonach die geringste Diversität der Organismen in den Salini- 
tätsbereich des höheren Oligo- und unteren Mesohalinikums 
fällt. 

Das bevorzugte Biotop der ?Neomiodon sp. A-Brackwas- 
serassoziation sind die relativ ruhigen und stabilen Küsten- 
lagunen, die den Profilbereich zwischen 170 und 200 m be- 
stimmen. Seltener findet sich die Faunengemeinschaft in Ru- 
higwasserbereichen innerhalb von Deltabildungen und in den 
Silten zwischen den Polykladichnus-Sandsteinen. 


3.3.6 Eomiodon sp. A.-?Neomiodon sp. A- 
Assoziation 


(1 statistische, 2 weitere Proben) 


Die Assoziation ist in dunkelgrünen siltig-sandigen Mer- 
geln mit wechselndem Ton- und Kalkgehalt in höheren Pro- 
filteilen südlich Forte Paı Mogo überliefert. Mit Eomiodon, 
Neomiodon und Jurassicorbula führen suspensionsfiltrie- 
rende Bivalven die Faunenliste an (Tab. 17, Abb. 19). Der 
Rest der Fauna verteilt sich gleichmäßig auf endo- und epi- 
benthonische Filtrierer wie ?herbivore Gastropoden; Sub- 
stratfresser (,‚Alaria“ sp.) sind selten (3,2%). Wie in allen 
anderen Weichbodengemeinschaften ist eine nur geringe 
Schalengröße bei den Mollusken festzustellen. 


Die Bearbeitung der Mikroproben ergab eine wenig diverse 
Gastropodenfauna, einige Fisch- und Reptilzähne sowie 
Characeenoogonien. Die Ostrakoden (u. a. Kliena sp., Bi- 
sulcocypris sp.) weisen auf geringe Salzgehalte hin (Brenner 
1976). 


Diskussion 


Die Faunenliste enthält ausschließlich Formen, dıe Bioto- 
pen mit erheblich verminderter Salinität zugeschrieben wer- 
den. Besonders betrifft dies die Gattungen und Arten des 
Trophic Nucleus (Eomiodon, Neomiodon, Jurassicorbula, 
Corbula inflexa), dıe als charakteristische Besiedler von 
Weichböden meso- bis oligohaliner Gewässer (0,5-18%o) gel- 
ten (HuckRriEDE 1967, Casey 1955, Hupson 1963a, b, FÜURSICH 
1981a,b). Auf das Brachyhalinikum beschränkte Arten feh- 
len. Gegenüber den anderen Brackwasser-Assoziationen be- 
sitzt die Gemeinschaft einen relativ ausgeglichenen Charak- 
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Tab. 17 : Eomiodon sp.A - ?Neomiodon Ssp.A - Assoziation 
relative Lebensweise Ernährungsweise 
Häufigkeit 

+ Eomiodon sp.A 39,1% I s 
+ ?Neomiodon sp.A 2371 I: S 
+ Jurassicorbula edwardi 6,4 I Ss 
+ Modiolus aequiplicatus 6,1 si S 
+ Gastropode N 3,8 E ?H 
+ "Corbula" inflexa 3,2 I S 

Bivalve T 3,2 I 2S 

"nlarra.) sp. 3,2 Si D 

Lycettia sp.A 3,2 EB >} 

Valvata helicelloides 2,6 E H 

Pteroperna SP. 1,0 EB Ss 

Mytilus Sp. 0,6 EB s 

Mytilus trapeza 0,6 EB Ss 

Myrene SP. 0,3 I Ss 

Caestocorbula sp.A 0,3 I Ss 

Placunopsis SP. 073 EBC Ss 

heterodonte Bivalve 0,3 aE Ss 

div. Fisch- und Reptilzähne g 

Characeen-Oogonien g 

Ostrakoden : 

Kliena Sp. 

Bisulcocypris SP. s 

Cetacella armata s 


div. gen. et sp. indet. 


ter, der sich in einem mittleren Diversitätsindex von D = 4,5, 
einer hohen Anzahl an Trophic Nucleus-Arten (6) sowie 
einem relativ geringen prozentualen Anteil der dominanten 
Art (39%) äußert. Da die Fossilien im Sediment gleichmäßig 
verteilt sind, der Fragmentationsgrad nicht sehr hoch ist und 
die Trophic Nucleus-Arten häufig doppelklappig erhalten 
sind, kann eine Vermischung mehrerer ehemaliger Biozöno- 
sen durch Transport ausgeschlossen werden. 

Einige eingedriftete Organismen limnischer Bereiche (Cha- 
ra, Ostrakoden, planispirale Gastropoden (3,9%)) nehmen 
eine untergeordnete Rolle ein und verändern die Diversität 
und Struktur der Fauna nicht wesentlich, belegen jedoch den 
erheblichen Süßwassereinfluß. 

Der mittlere Diversitätsindex zeigt zum einen erhöhte Be- 
lastung der Organismen durch äußere physikalische Gege- 
benheiten an; der Brackwassercharakter der häufigsten Fau- 
nenelemente läßt niedrige und fluktuierende Salinität als 
Hauptursache vermuten. Zum anderen spricht der ausgegli- 
chene Trophic Nucleus ohne hervorstechende Dominanz 
einer Art für ein relativ stabiles Biotop mit biologischer Kon- 
trolle und ausgeprägter Nahrungskonkurrenz. Daß Eomio- 
don sp. A einer derartigen Nahrungskonkurrenz ausgesetzt 
war, deutet sich in der geringen Schalengröße als unmittelba- 
rer Folge an. Häufig führt die Gattung Eomiodon im portu- 
giesischen Oberjura artenarme oder nahezu monospezifische 
Faunengemeinschaften an. Sie erreicht dabei unter Ausschluß 
von (?Nahrungs-)Konkurrenten z. T. ein Vielfaches der ım 
Consolagäo-Profil gemessenen Schalengröße, z. B. in den 


Eomiodon securiformis-Horizonten des Pteroceriano von 
Porto das Barcas und Santa Cruz (vgl. Fursıch 1981a). Im 
Unterschied zur Eomiodon-?Neomiodon-Fazies von Conso- 
lacao ist die Eomiodon securiformis-Assoziation bei Santa 
Cruz in sandigeren Silten bzw. Sandsteinen entwickelt, die 
höhere Substratstabilität besitzen und für andere Endoben- 
thonten offensichtlich kaum zu nutzen waren. Die Horizonte 
führen außer Eomiodon securiformis nur einige epibenthoni- 
sche Mollusken (FürsıcH 1981a, $. 223). Die Besiedlung gta- 
bilerer, sandiger Substrate wurde Eomiodon durch die meist 
auf die Jugendstadien beschränkte Ausbildung einer Astar- 
te-ähnlichen Berippung ermöglicht; dagegen weist Neomio- 
don die für Bewohner schlammiger Böden typische dünne 
Schale ohne Berippung auf (vgl. Stanıev 1970, THAYER 1975). 


Die Unterschiede zur ?Neomiodon sp. A-Assoziation be- 
stehen vor allem in der dominanten Rolle von Eomiodon 
sp. A und der höheren Diversität (D=4,5; ?Neomiodon-As- 
soziation: D= 1,7). Beide Assoziationen treten getrennt von- 
einander in unterschiedlichen Profilteilen auf: ?Neomio- 
don-Assoziation zwischen 170 und 200 m, Eomiodon- 
?Neomiodon- Assoziation bei ca. 600 m. Damit wäre für das 
verstärkte Erscheinen von Eomiodon in den jüngeren Hori- 
zonten eine spätere Entstehung dieser Art denkbar. Dagegen 
sprechen jedoch zahlreiche Funde von Eomiodon sp. A in 
Schuttkalken des unteren Profilteils, was eine primär ökolo- 
gisch bedingte Trennung beider Faunengemeinschaften 
wahrscheinlich macht. 


Die sedimentologischen Daten belegen für die ?Neomio- 
don-Assoziation deutlich lagunäres Milieu; für die Eomio- 
don-?Neomiodon-Gemeinschaft ist ein ruhiges Ablage- 
rungsmilieu im Bereich eines Ästuars anzunehmen. In dem 
für Brackwasserfaunen relativ hohen Diversitätsindex spie- 
gelt sich zumindest ein vergleichsweise stabiles Biotop und 
das Erreichen eines reiferen Populationsstadiums (ODum 
1980) wider. 


3.3.7 Jurassicorbula edwardi-Assoziation 


(2 statistische, 1 weitere Probe) 


Die Assoziation tritt in grünlichen bis schwarzen feinsan- 
digen Silten südlich Forte Pai Mogo und in kleinen Inlands- 
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aufschlüssen westlich Casaıs da Foz (westlich Bufarda) auf. 
Sie besteht zu 90% aus endobenthonischen Bivalven 
(Tab. 18, Abb. 19) und ist eine typische Weichbodengemein- 
schaft. Jurassicorbula edwardi führt in allen Proben die Fauna 
mit 50-90% der Individuen an; die Schwankungsbreite be- 
ruht auf wechselndem Anteil von Placunopsis suprajurensis, 
die in Weichbodenfazies auf sekundäre Hartgründe (Schalen, 
grober Sedimentdetritus) angewiesen ist. Epibyssate Bivalven 
(Pteroperna, Mytilus) sind selten (1,2%), Gastropoden feh- 
len. 


Die Mikroproben ergaben eine gering diverse Ostrakoden- 
fauna mit überwiegend neuen und unbeschriebenen Arten 
(frdl. Mitt. RamarHo & HELMDAcH). MitD = 1,7 zählt die As- 
soziation zu den geringst-diversen des Profils. 


Tab. 18 : Jurassicorbula edwardi - Assoziation 
relative Anwesenheit in Lebens- Ernährungs- 
Häufigkeit den Einzelproben weise weise 
+ Jurassicorbula edwardi 71,9% 100 % T Ss 
+ Eomiodon sp.A 10,5 100 IE Ss 
Placunopsis suprajurensis 8,2 100 EBC Ss 
"Corbula" inflexa 573 50 T: Ss 
Neomiodon Sp. 279 100 I Ss 
Pteroperna Sp. 0,6 50 EB Ss 
Mytilus SP. 0,6 100 EB Ss 
Ostrakoden : 
cf.Cypridea Sp. q 
cf.Kliena sp. g 
: div. gen. et sp. indet. 
Diskussion Die Jurassicorbula edwardi- Assoziation tritt wie die ande- 


Die Jurassicorbula edwardi-Assoziation besitzt nahezu alle 
Merkmale einer Fauna niedersalinarer Biotope. Sämtliche Bi- 
valven gelten als oligo- und mesohaline Formen (Jurassicor- 
bula edwardi, Neomiodon, Eomiodon, Corbula inflexa ) oder 
sind zumindest als extrem euryhaline Gattungen (Mytilus, 
Pteroperna) bekannt (HuckrıepE 1967, Hupson 1963a,b, 
FürsicH 1981a,b). 


Soweit die Ostrakoden bestimmt sind, handelt es sich eben- 
falls um Gattungen, die stark ausgesüßte Milieus bevorzugen 
(cf. Kliena sp., cf. Cypridea sp.). Als weiteres Zeichen eines 
Biotops mit oligo- und mesohalinen Salzgehaltswerten sind 
die geringe Artenzahl, die Dominanz einer Art bzw. die nied- 
rige Diversität und das Fehlen von Foraminiferen zu nennen. 


Jurassicorbula edwardi ist in den Pteroceriano-Schichten 
Mittelportugals weit verbreitet. Sie dominiert dabei in zahl- 
reichen Faunengemeinschaften. Im Profil Santa Cruz, einige 
Kilometer südlich von Consolagäo, tritt siez. T. wie im Con- 
solacäoprofil mit über 90% faunenbestimmend auf, kann je- 
doch auch in höher diversen Gemeinschaften zusammen mit 
brachyhalinen Formen höhere Salinitätswerte und stärkeren 
marınen Einfluß indizieren (Fursıch 1981a,b). Im Bereich 
von Consolagäo sind höhere, über längere Zeit beständige 
Salzgehaltswerte auszuschließen, da die Assoziation äußerst 
arm an brachyhalinen Elementen ist. 


ren Brackwasser-Gemeinschaften (?Neomiodon sp. A-Asso- 
ziation, Eomiodon-?Neomiodon- Assoziation) in grünlichen 
bis schwarzen, feinsandigen Silten auf, die in strömungs- 
armen Lagunen oder Deltabereichen abgelagert wurden. Aus 
dem Sediment lassen sich die Milieufaktoren, die für das Auf- 
treten verschiedener Assoziationen verantwortlich sind, nicht 
ableiten. Da die drei Assoziationen zum Großteil aus densel- 
ben flachgrabenden filtrierenden Bivalven bestehen, dürften 
Sauerstoffgehalt, Wassertemperatur und Wassertrübe nicht 
die entscheidenden Parameter sein. Auch dem Nahrungsan- 
gebot, das in Lagunen eher reichlicher als in vollmarinen Bio- 
topen vorhanden ist (Barnes 1980), dürfte hier keine wesent- 
liche Bedeutung zukommen. Möglicherweise sind die domi- 
nierenden Arten der Brackwasserassoziationen, ®Neomio- 
don sp. A, Eomiodon sp. A und Jurassicorbula edwardi, an 
bestimmte Salinitätsbereiche innerhalb des Meso- und Oligo- 
halinikums besonders angepaßt. 


3.3.8 Valvata helicelloides-Assoziation 
(4 Proben) 


Die Assoziation findet sich in einigen kleinen Aufschlüssen 
östlich Forte Pai Mogo, eine relativ individuenreiche Probe 
konnte aus der Baugrube der neuen Fabrik an der Straße Peni- 
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che-Lourinhä bei der Abzweigung zum Forte Pai Mogo ge- 
wonnen werden. Die Faunengemeinschaft ist in dunkelgrü- 
nen Silten mit gelegentlich erhöhten Glimmer- und Quarzan- 
teilen enthalten. Die Silte wechsellagern mit roten Silten und 
Feinsanden und können von hellen Calichekonkretionen 
durchsetzt sein. Die Lithofazies ıst am ehesten den Sedimen- 
ten mit endobenthonischen Brackwasserfaunen vergleichbar, 
weshalb die Assoziation im Anschluß an die Endobenthos- 
Gemeinschaften aufgeführt wird. 

An Makrofauna führen die Silte in unterschiedlicher Dichte 
die nahezu planispirale Schnecke Valvata helicelloides; ledig- 
lich in einem Horizont fanden sich zusätzlich einige Exem- 
plare von Ptychostylus sp. Die Gastropoden liegen in der Re- 
gel ın Steinkernerhaltung vor und weisen als Reste des ehema- 
ligen Periostrakums einen braunen Überzug auf. Ihre Größe 
überschreitet nur selten 2-3 mm. Schlämmproben erbrachten 
eine spärliche Ostrakodenfauna mit deutlichem Süßwasser- 
charakter (u. a. Bisulcocypris ). Der Diversitätsindex D be- 
trägt aufgrund der nahezu monospezifischen Struktur fast 
1,0. 


Diskussion 


Valvata helicelloides (früher V. helicoides) zählt zu den 
häufigsten Gastropoden der Purbeck- und Wealdenfazies in 
Europa (vgl. Huckriepe 1967) und ist auch aus Oberjura- 
sedimenten des Lusitanischen Beckens bekannt (HOFFMANN 
1980). Ihr Auftreten ist stets mit stark reduzierter Salınität 
verbunden. LorıoL & JaCcArD (1865) erwähnen sıe aus Süß- 
wasserkalken, HuckriEDE (1967) gibt ein Lebensoptimum im 
süßen bzw. oligohalinen Bereich an. Da in den zahlreichen 
Horizonten mit V. helicelloides brackische Elemente fehlen, 
sind in den grünlichen Silten Süßwasserablagerungen zu se- 
hen. Die seltenen Ptychostylus-Individuen, Ostrakodenfauna 
und Calichekrusten sprechen ebenfalls für limno-fluviatile 
bzw. terrestrische Ablagerungsbedingungen. Die Assozia- 
tion ist damit die einzige Faunengemeinschaft des Profils, die 
diesem Lebensbereich zugeordnet werden kann. 

Gute Erhaltung und Häufigkeit von Valvata helicelloides 
als Begleitform der Brackwasserassoziationen (vgl. ?Neo- 
miodon sp. A-Assoziation, Eomiodon sp. A-?Neomiodon 
sp. A-Assoziation) deuten eine Toleranz der Art gegenüber ge- 
ringen Salzgehalten und Verbrackung oder Schwankungen 
zwischen Brack- und Süßwasser an. Die Vermutung Huck- 
RIEDES (1967), daß diese Art im Brackwasser Zwergformen 
ausbildet, konnte jedoch nicht beobachtet werden. Sowohl in 
der Süßwasserfazies wie in den brackischen Ablagerungen 
finden sich ausschließlich kleinwüchsige Individuen. 

Die Assoziation ist von der Küste landeinwärts bis jenseits 
der Hauptstraße Peniche-Lourinhä belegt. Östlich davon bis 
zum Diapir von Bolhos lassen die Aufschlußbedingungen 
einen weiteren Nachweis nicht zu. Es kann aus den bisherigen 
Daten festgestellt werden, daß zur Zeit des Oberkimmeridge 
zwischen Forte Pai Mogo und dem Bereich unmittelbar vor 
dem Diapir von Bolhos keine bedeutenden Faziesunter- 
schiede vorhanden waren. Dies geht auch aus den Funden der 
Jurassicorbula edwardi- Assoziation westlich der o. g. neuen 
Fabrik hervor, die brackisches Flußmündungs- und Delta- 
milieu anzeigt. Der Wechsel von brackischen und limnischen 
Faunengemeinschaften spiegelt hierbei nur geringe Niveau- 
unterschiede zwischen Meeresspiegel und dem küstennahen 
Hinterland wider. 


3.3.9 Valvata helicelloides-Bivalve T- 
Assemblage 


(1 statistische Probe) 


Zu den letzten marin beeinflußten Fossilvergesellschaftun- 
gen des gesamten Profils zählt diese aus dunkelgrünen, fein- 
sandigen Silten stammende Assemblage. Gastropoden stellen 
mit über 55% der Individuen den Hauptteil der Fauna, wobei 
Valvata helicelloides die Faunenliste anführt (Tab. 19). Die 
planispirale Form ist bisher nur aus Süßwasser- bis oligohali- 
nen Brackwasserbereichen beschrieben worden (s. 3.3.8). 
Ähnlichen Milieus dürften auch die Gattungen Amploval- 
vata und Ptychostylus zuzuordnen sein. An Bivalven enthält 
die Vergesellschaftung Formen des oligo- und mesohalinen 
Bereichs (die Endobenthonten Eomiodon, Neomiodon, Ju- 
rassicorbula edwardi, Corbula inflexa) und des brachyhali- 
nen Bereichs (Exogyra, Unicardium, Isognomon, Acteoni- 
na ). Die infaunale Bivalve T, die an zweiter Stelle des Trophic 
Nucleus steht (17,8%), läßt infolge der ungünstigen 
Abdruckerhaltung ohne Schloßstrukturen keine genaue Be- 
stimmung zu; sie steht in ihrer äußeren Gestalt den Telliniden 
sehr nahe. 


Der Fragmentationsgrad ist relativ gering und spricht gegen 
bedeutende Umlagerung. Die Mikrofauna besteht ausschließ- 
lich aus Ostrakoden, was charakteristisch für Brack- bzw. 
Süßwassergemeinschaften ist. Insbesondere Cetacella arma- 
ta, cf. Cypridea sp. und Bisulcocypris sp. zeigen erheblich 
verminderte Salinität an. In zwei Horizonten gehen die Silte 
unter Karbonatzunahme in ca. 15-20 cm mächtige siltig-san- 
dige Mikrite über, die relativ weit seitlich aushalten, sich an 
manchen Stellen jedoch auflösen und als knödelartige Bildun- 
gen in den weicheren Silten schwimm£n. 


Diskussion 

Die Vergesellschaftung weist mit D = 8,0 einen Diversitäts- 
index auf, der die Werte aller anderen Weichbodenassoziatio- 
nen übertrifft und denen der Korallenbiostrome sich nähert. 
Die Fauna selbst setzt sich allerdings aus Süß- und Brackwas- 
serorganismen zusammen, die ein Milieu mit geringen und 
schwankenden Salzgehalten und somit hohen Streßanforde- 
rungen für die Fauna widerspiegelt. Dies äußert sich in den 
anderen Brackwasserassoziationen stets in niedrigen Diversi- 
tätsindices. Der hohe D-Wert bei der vorliegenden Vergesell- 
schaftung deutet darauf hin, daß es sich um eine ‚‚mixed as- 
semblage“ handelt, also um eine Vermischung mehrerer ehe- 
maliger Biozönosen bzw. Assoziationen. Die Vermischung 
macht sich auch in der Vielfalt der auftretenden Lebenstypen 
(s. Tab. 19) und im ausgeglichenen Verhältnis von Epi- zu 
Endobenthonten bemerkbar. Beides ıst für Weichbodenasso- 
ziationen ungewöhnlich. Da der gute Erhaltungszustand fast 
aller Faunenelemente Umlagerung und Aufarbeitung aus- 
schließt, ist die Assemblage auf eine in-situ-Vermischung zu- 
rückzuführen. 


Die Faunenzusammensetzung aus charakteristischen For- 
men limnofluviatiler Bereiche (Valvata, Amplovalvata) und 
oligo-mesohaliner Brackwässer (Eomiodon, Neomiodon, Ju- 
rassicorbula ) läßt auf einen Wechsel des Salinitätsregimes und 
eine Sukzession zweier Biozönosen schließen. Die Entwick- 
lung der Assemblage aus einer brackischen Jurassicorbula 
edwardi-Assoziation im Liegenden würde dabei eher für 
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Tab. 19 : valvata helicelloides - Bivalve T - Assemblage 
relative Lebensweise Ernährungsweise 
Häufigkeit 

+ Valvata helicelloides Ze E H 
+ Bivalve T 17,8 Ti ?S 
+ Ptychostylus Sp. 9,9 E ?H 
+ Eomiodon sp.A 9 an Ss 
+ ?Neomiodon sp.A URN : & 
+ Gastropode N 7,4 E ?H 
+ Amplovalvata sp. 7,4 E H 
+ Valvata sp.B 578 E H 

Placunopsis Sp. 275 EBC Ss 

Jurassicorbula edwardi 2,1 T Ss 

"Alaria" sp. 1,6 Si D 

Exogyra SP. 12 EC Ss 

Mytilus Sp. 0,8 EB Ss 

Acteonina Sp. 0,8 E ?H 

"Corbula" inflexa 0,8 T Ss 

Unicardium Sp. 0,8 T: Ss 

Isognomon lusitanicus 0,4 E/SiB s 

Modiolus Sp. 0,4 ?E/SiB SS 

Eomiodon Sp. 0,4 I Ss 

div. Fischzähne 

Characeen-Oogonien g 

Ostrakoden : 

Cetacella armata s-g 

cf.Fabanella Sp. 

cf.Cypridea Sp. g 

cf.Kliena sp. g-h 

Bisulcocypris SP. g 


einen Wechsel von brackischen zu limno-fluviatilen Verhält- 
nissen sprechen. Neben der Möglichkeit einer zeitlichen 
Folge zweier Faunengemeinschaften bietet sich in Verbin- 
dung mit einem Salinitätswechsel eine weitere Erklärung an: 
zwei gleichzeitig existente benachbarte Assoziationen des 
Süß- bzw. Brackwassers vermischen sich bei einer Änderung 
der Salinität, wobei die ursprünglichen Strukturen der Ge- 
meinschaften kollabieren und die Arten beider Assoziationen 
nebeneinander weiterbestehen. Eine derartige Vermischung 
benachbarter Gemeinschaften ist aus regressiver Fazies be- 
kannt und zeigt die für das Milieu eigentlich untypische Er- 
höhung der Diversität (RorLıns & DonAHueE 1975). Bei bei- 
den Erklärungsmöglichkeiten sind zusätzlich postsedimen- 
täre Prozesse wie Bioturbation, Kompaktion u.a. (FÜRSICH 
1978) anzunehmen, die eine Veränderung der Fossildichte 
bedingen. 


Eine Besonderheit stellen die siltigen Biomikrite dar, die 
sich aus der siltigen Fazies durch Karbonatzunahme entwik- 
keln. Es handelt sich um die einzigen Karbonate des mittleren 
und höheren Profilteils südlich San Bernardino. FüRsıcH 
(1981a) erwähnt ähnliche Bildungen von Santa Cruz, die 
ebenfalls mit Mixed Assemblages bzw. einer Jurassicorbula 
edwardi- Assoziation in Zusammenhang stehen, und nimmt 
aufgrund der brachyhalinen Faunenelemente und Karbonat- 
ausscheidung Phasen normalmariner Salinitätsverhältnisse 


an. Die Bestimmung der Fauna aus den siltigen Mikriten von 
Consolagäo ergab dieselben Brack- und Süßwasserarten wie 
in den Silten, Anzeichen für die Karbonatausfällung in nor- 
malmarinem Milieu fehlen. Fluviatile und brackische Gewäs- 
ser sind an Calciumionen stark untersättigt, eine Ausfällung 
von Zement in derartigem Milieu ist somit sehr beeinträchtigt 
(MırLıman 1974). GARRISON et al. (1969) vermuten, daß die 
Zementationsprozesse in diesen Fazies über das Porenwasser 
ablaufen. Calciumionen, die aufgelösten Molluskenschalen 
entstammen, werden demnach während der Kompaktion 
durch aufsteigende Porenwässer an die Sedimentoberfläche 
geführt und dort im Kontakt mit neuem Sediment und unter 
dem Einfluß von Verwesungsgasen in basischem Milieu aus- 
gefällt. 

Die Untersuchungen von GaRRISON et al. beziehen sich auf 
Deltafrontsedimente des Fraser-River-Deltas (British Co- 
lumbia), die in brachyhalinem bis mesohalinem Milieu abge- 
lagert sind. Fauna, Salinitätsverhältnisse und Lithologie mit 
distributary sands, sandbars und flood plain deposits in den 
benachbarten Profilteilen lassen auch für die Consolagäo-Fa- 
zies einen vergleichbaren Ablagerungsbereich innerhalb eines 
Deltas erwarten. Die relativ weit aushaltenden Mikritlagen 
sprechen nach Fursıch (1981a) für die sogenannte ‚‚delta 
abandonment facies“, die derartige charakteristische Marker- 
horizonte ausbildet (ELLiorr 1978). 


oo 
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3.4 PALAOSYNÖKOLOGISCHE GESAMT- 
DISKUSSION DER FAUNENGEMEINSCHAFTEN 


Die palökologische Bearbeitung der Consolagäo-Schichten 
ergab 22 in Artenzusammensetzung, Artenverteilung und 
Diversität deutlich verschiedene Makrobenthos-Gemein- 
schaften. Sie können entsprechend der Lebensweise der ein- 
zelnen Faunenelemente in epifaunale, semi-infaunale und in- 
faunale Gemeinschaften untergliedert werden. Der Indivi- 
duenanteil des jeweils vorherrschenden Lebenstyps beträgt 
durchschnittlich 70-95 %, nur in wenigen Assoziationen be- 
steht ein ausgeglicheneres Verhältnis zwischen Epi- und 
Endobenthos. Dominierende Formen unter den Epiben- 
thos-Assoziationen sind buschige Korallenstöcke (,, Cala- 
mophyllia“ ) sowie epibyssate Bivalven aus den Gruppen Pte- 
riacea (Pteroperna, Isognomon, Bakevelliide) und Mytilacea 
(Lycettia); seltener stehen solitäre Korallen (Epistreptophyl- 
lum), fest mit der Schale aufwachsende Bivalven (Liostrea) 
oder Gastropoden (Nerinea, Polyptyxis) an der Spitze des 
Trophic Nucleus einer Gemeinschaft. 


Die infaunalen Assoziationen werden von kleinwüchsigen, 
flach grabenden Suspensionsfiltrierern bestimmt (Corbulo- 
mima, Thracia, Protocardia, ?Neomiodon, Eomiodon, Juras- 
sicorbula). Die einzige detritophage Bivalve des gesamten 
Profils (Mesosaccella dammariensis ) zählt ebenfalls in einigen 
Horizonten zu den dominierenden Elementen. Die anderen 
Makrofaunengruppen (Cephalopoden, Brachiopoden, Pori- 
feren, Hydrozoen, Echinodermaten) sind generell nur unter- 
geordnet repräsentiert und erlangen in keinem Horizont des 
Profils Bedeutung. 


Bis auf eine Ausnahme tritt jede Assoziation mit mehr oder 
weniger gleicher Artenzusammensetzung und Häufigkeits- 
verteilung wiederholt in der Gesteinsfolge auf, so daß zufalls- 
bedingte Zusammensetzungen infolge Faunentransport und 
-kondensation ausgeschlossen werden können. Die Aus- 
nahme bildet die im Artbestand von den übrigen Assoziatio- 
nen völlig abweichende Pteroperna sp. M-Placophyllia mi- 
nima- Assoziation, für die Faunenerhaltung und Diversitäts- 
werte zweifelsfrei autochthonen Charakter belegen. Neben 
den autochthonen Gemeinschaften enthalten die Consola- 
säo-Schichten eine Reihe von Fossilvergesellschaftungen mit 
deutlichen Anzeichen von Mischung und Aufarbeitung meh- 
rerer ehemaliger Gemeinschaften. Derartige Faunen bestehen 
ausschließlich aus Arten, die auch die Assoziationen aufbau- 
en. Dies läßt vermuten, daß alle im Ablagerungsbereich von 
Consolagäo ehemals existierenden und fossil überlieferungs- 
fähigen Faunengemeinschaften in Relikten überliefert sind, 
und daß die Faunenmischung insgesamt auf räumlich ver- 
gleichsweise eng begrenzte Aufarbeitungsprozesse zurück- 
geht. Einen für küstennahe Biotope eher geringen Grad von 
Umlagerung deutet das Verhältnis von 70 zu 30 zwischen 
Schichten mit autochthonen Faunen und Schichten mit umge- 
lagerten oder kondensierten Faunenelementen an. Für die 
palökologischen Untersuchungen besitzen die Mixed Assem- 
blages nur wenig Bedeutung. Da sie sich aus Faunenelemen- 
ten der Assoziationen zusammensetzen und damit die Her- 
kunft der umgelagerten Formen meist zu rekonstruieren ist, 
ermöglichen sie Rückschlüsse auf Art und Ablauf der Um- 
lagerungsprozesse. 


Die Assoziationen repräsentieren Relikte ehemaliger Fau- 
nengemeinschaften, wobei die einzelnen Faunenelemente als 
ehemals mit- und nebeneinander agierende Organismen zu 
betrachten sind. Daß sich in den Assoziationen mehrere 
durch Kondensation vermischte Gemeinschaften verbergen 
(PErerson 1977), erscheint aufgrund der Wiederkehr gleich- 
bleibender Faunenmuster und der gleichmäßigen Faunenver- 
teilung im Sediment unwahrscheinlich. Die Diversitätsmes- 
sungen basieren zwar nur auf der Individuen- und Artenver- 
teilung der drei dominierenden Gruppen Bivalven, Korallen 
und Gastropoden, aufgrund der Seltenheit der anderen Ben- 
thosgruppen können die Diversitätswerte jedoch als reprä- 
sentativ für die Struktur der gesamten ehemals aus Hartteilor- 
ganısmen bestehenden Faunengemeinschaft gelten. Da es sich 
bei den Fossilgemeinschaften von Consolagäo meist um die 
Akkumulation einer Faunengemeinschaft handelt, dürften 
jahreszeitlich bedingte oder durch Stürme und sonstige Kata- 
strophen hervorgerufene Verzerrungen der Häufigkeitsver- 
teilung weitgehend ausgeglichen sein und die Diversitäts- 
werte somit ein Spiegelbild der Biotop- und Streßsituation 
vermitteln (SAMTLEBEN 1981). 


Ein differenziertes Bild ergibt die in Schillagen auftretende 
Bakevelliide A-Assoziation (Tab. 5, Abb. 15). Die epibys- 
sate Bakevelliide besiedelte als Pionierfauna mit individuen- 
reichen Larvenschwärmen die durch Stürme plötzlich freige- 
wordenen Flächen. Zwei Schillagen dieses Typs enthalten au- 
ßer der dominierenden Bakevelliiden eine diverse Begleitfau- 
na, die sich erst mit dem Absterben einzelner Bakevelliden- 
Individuen entwickeln konnte. In dieser Abfolge spiegelt sich 
der Übergang von einer physikalisch zu einer biologisch kon- 
trollierten Faunengemeinschaft wider (LEvinton 1970, ODum 
1980), mit der Sukzession ist gleichzeitig eine Diversitätser- 
höhung verbunden. Wie das Ausbleiben einer artenreicheren 
Begleitfauna in den anderen Bakevelliiden-Lagen zeigt, war 
dort die Ausreifung zu einer höher diversen Faunengemein- 
schaft verhindert, und zwar wiederum durch Sturmereignis- 
se, die zu einer Neubesiedlung durch Bakevelliiden-Larven 
führten. 


Ein weiteres Beispiel einen Faunensukzession läßt sich bei 
der Entwicklung des Liostrea sp. A-Austernriffes feststellen 
(Tab. 11). Auf eine mäßig diverse Fauna fixosessiler Epiben- 
thonten, darunter einigen Korallen, folgt das eigentliche hö- 
henbetonte Riffwachstum der Austern. Die Änderung von 
höher diverser Fauna zu monospezifischem Riffwachstum 
scheint durch eine merkliche Salinitätsverminderung indu- 
ziert worden zu sein. 


Wechselbeziehungen zwischen Faunen und Öko- 
faktoren 


Die Benthoszusammensetzung und -vielfalt küstennaher 
Biotope wird im wesentlichen von den abiotischen Faktoren 
Temperatur, Salinität, Sauerstoffgehalt, Sedimentationsrate, 
Wasserenergie und Substrat bestimmt (SanDErs 1968, LEVIN- 
Ton 1970). Wesentliche Bedeutung besitzt allgemein der Sub- 
strattyp (Erwin 1976, Jackson 1976, DriscoLL & BRANDON 
1973), der als Produkt aus dem Zusammenwirken mehrerer 
einzelner Ökofaktoren, insbesondere Wasserenergie, Sedi- 
mentationsrate und frühdiagenetische Karbonatbildung re- 
sultiert. Abb. 20 gibt getrennt nach Epifauna, Semi-Infauna 
und Infauna an, welche Sedimente von den einzelnen Asso- 


ziationen am häufigsten benutzt werden. Die klastischen Se- 
dimente sind entsprechend der Korngrößenskala bzw. dem 
Karbonatgehalt angeordnet. Die Epibenthos-Assoziationen 
zeigen eine deutliche Bevorzugung für sand- und komponen- 
tenreiche Silte, Mergel und Mergelkalke und damit für stabile 
und feste Substrate. Zu diesen Gemeinschaften zählt ein Teil 
der Korallenbiostrome (Ko, K>_4) sowie die von /sognomon 
lusitanicus, Bakevelliide AB und Pteroperna sp.M angeführ- 
ten Assoziationen. Ein weiteres Maximum liegt bei leicht 
sandigen Silten, was auf die zahlreichen Horizonte der beiden 
Lycettia sp. A/Placunopsis suprajurensis- Assoziationen zu- 
rückgeht. Nur wenige Epibenthosgemeinschaften sind in 
sandarmen oder -freien Mergelkalken und siltigen Biomikri- 
ten zu finden (‚‚Calamophyllia‘-Rasen). Einzige Gemein- 
schaft hochenergetischer Grobsandfazies ist die Polyptyxis 
sp.-Nerinea sp. B-Gemeinschaft. 


Die semi-infaunale Trichites-Nanogyra-Assoziation be- 
vorzugt sand- und klastenfreie Mergelkalke, die in charakteri- 
stischer Form in den Knollenkalken am Fort von Consolacäo 
entwickelt sind. Die Lebensweise der halb im Sediment stek- 
kenden Pinna-Verwandten weist auf ein relativ weiches Sub- 
strat hin, das nur wenigen Epibenthonten eine Besiedlung er- 
laubt hat. In dieser Fazies bilden vor allem die Trichites-Scha- 
len das Hartsubstrat für fixosessile Epibenthonten (z. B. Na- 
nogyra nana ), was eine biologische Kontrolle eines Großteils 
des Faunenspektrums darstellt. 
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Die Endobenthos-Gemeinschaften sind auf einige wenige 
Sedimenttypen verteilt. Sie treten ausschließlich in feinkörni- 
gen tonigen Silten, Silten mit geringen Beimengungen von 
Feinsand und in Mergeln auf, die sämtlich den Charakter ei- 
nes weichen instabilen Substrats besitzen und deshalb neben 
der Endofauna nur wenige in Schalen und Morphologie ange- 
paßte Epibenthonten führen. Bemerkenswert ist, daß Sedi- 
mente mit geringen Korngrößenunterschieden (reine Tone, 
Silte, Sande) von Faunengemeinschaften generell gemieden 
werden. 


Die Abfolge der Sedimenttypen entlang eines Korngrößen- 
gradienten entspricht einem Gradienten der Stabilität und Fe- 
stigkeit, der von den festen und tragfähigen sand- und kom- 
ponentenreichen Silten, Mergeln und Mergelkalken bis zu 
den instabilen feinkörnigen Sılten und Tonen reicht. Hart- 
gründe, die die höchste Festigkeit aufweisen, wurden im 
Consolacäo-Profil nicht festgestellt. Ein Vergleich der ver- 
schiedenen Diversitätsindices mit den von den Assoziationen 
benutzten Sedimenttypen zeigt eine gute Korrelation zwi- 
schen hoher Faunendiversität auf festen Substraten und ge- 
ringer Diversität auf Weichböden. So entfallen die höchsten 
Werte für die ‚„„Gleichmäßigkeit‘‘ (Evenness) (Abb. 21,22) 
und die Rarefactionkurve (Abb. 23,24) auf die Korallenbio- 
strome K,, K, und K; (D= 16,4; 10,7; 9,8). Diese Gemein- 
schaften treten in bioklastenreichen Gesteinen auf, die den 
höchsten Stabilitätsgrad aller Consolagäo-Sedimente aufge- 


Benthos/Substrat - Beziehungen 


Klastika 


Korngröße 


Sand Silt 


Karbonat - Gehalt 


Korngröße 


Ton Mergel = Mergel 


Epifauna - Ass. 


Semi-Infauna 


Infauna 


Abb. 20: Übersicht über die von Epibenthos, Endobenthos und Semi-infauna benutzten Substrattypen. 
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wiesen haben dürften. Eine mittlere Position unter den Epi- 
benthos-Gemeinschaften nehmen die Pteroperna sp.M-Pla- 
cophyllia minima- (D=5,9) und die Bakevelliide AB-Plica- 
tula virgulina- Assoziation (D =5,1) aus sandreichen Mergel- 
kalken ein. Korallenbiostrom K;, für dessen relativ sandar- 
mes Sediment eine eher mäßige Festigkeit zu vermuten ist, be- 
sitzt deutlich niedrigere Diversität (D=5,2) als die anderen 
Korallenbiostrome. Die niedrigste Diversität unter den Epi- 
benthosassoziationen weisen die Lycettia sp. A/Placunopsis 
suprajurensis-Gemeinschaften auf (D= 2,5; 2,2). Sie treten in 
den für Weichbodenfaunen typischen sandarmen Silten und 
Mergeln auf. Die Anpassung an das weiche Substrat äußert 
sich bei diesen Bivalven in einer geringen Schalengröße und 
-dicke. 

Eine mittlere Stellung nimmt sowohl im D-Wert (D=4,4) 
als auch der Lage der Rarefactionkurve die semi-infaunale 
Trichites-Nanogyra- Assoziation ein. Besonders die Rarefac- 
tionkurve spiegelt mit ihrer Lage unterhalb der meisten Epi- 
benthos- und oberhalb der Mehrzahl der Endobenthoskur- 
ven die intermediäre Stabilität des Substrats wider. Dieses war 
offensichtlich für Epibenthos zu wenig verfestigt und für 
Endobenthos bereits zu kompakt. Die Zwischenstellung zwi- 
schen Weichboden und Festsubstrat läßt sich im Profil direkt 
in Assoziationsfolgen innerhalb weniger Zentimeter ablesen, 
in denen die Trichites- Assoziation zwischen Epibenthos- und 
Endobenthosgemeinschaften eingeschaltet ist (vgl. 3.2.7). 


Die Rarefactionkurven der Infauna-Assoziationen liegen 
generell unterhalb derer der Epibenthos-Assoziationen. Es 
fällt auf, daß gerade die Kurve der Placunopsis suprajurensis- 
Lycettia sp. A-Assoziation, die typisches Weichbodensub- 
strat besiedelt, im Bereich der Weichbodenassoziationen 
liegt. Der Einfluß der Substratstabilität auf die Faunendiversi- 
tät wird besonders deutlich bei einem Diversitätsvergleich der 
Epibenthos- und Endobenthosassoziationen, die im Profil 
unmittelbar aufeinander folgen. Bei ihnen können aufgrund 
ähnlicher Biotopstandorte andere Ökofaktoren vernachläs- 
sigt werden. So weist etwa die Rarefactionkurve der Thra- 
cia-Corbulomima-Assoziation einen spürbar niedrigeren 
Verlauf auf als die Kurve der Korallenbiostrome und der Pte- 
roperna-Placophyllia- Assoziation, mit denen sie im Profil 
wechsellagert. Ähnliches ist für die mit der Bakevelliide-P%- 
catula-Assoziation abwechselnde Thracıa incerta- Assozia- 
tion festzustellen. Für die durchwegs höhere Diversität epi- 
benthonischer Faunengemeinschaften bei mehr oder weniger 
gleichen sonstigen Milieubedingungen ist wahrscheinlich die 
höhere Zahl an Mikrohabitaten ausschlaggebend. Insbeson- 
dere bieten die am Boden liegenden größeren Mollusken 
(z. B. Pteriaceen) anderen fixosessilen Organismen (Koral- 
len, Bivalven) die Möglichkeit der Besiedlung, während in 
Endobenthosgemeinschaften derartige Bedingungen nur sel- 
ten durch Ausspülen von Schalen der Endobenthonten aus 
dem Sediment (winnowing) geschaffen werden. Daneben 
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Abb. 21: 
D (,‚Gleichmäßigkeit‘, evenness). 


Diversitätsindices der Epibenthos-Assoziationen. a) Artenreichtum (species richness); b) Index 
nsp = Zahl der Arten; Abkürzungen s. Abb. 23. 
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Diversität der autochthonen Weichbodenassoziationen 
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Abb. 22: Diversität der Endobenthos-Gemeinschaften. a) Artenreichtum (species richness). b) Index D 
(„‚Gleichmäßigkeit“, evenness). Beide Indices weisen gleiche Tendenz auf. Lediglich bei der ?Neomiodon 
sp. A-Assoziation mit hohen Individuenzahlen wird die positive Korrelation zwischen Probengröße und 


Artenzahl deutlich. 


steht Epibenthonten allgemein ein größerer Ausschnitt aus 
dem Nahrungsangebot zur Verfügung, während die im Sedi- 
ment lebenden Mollusken i. d. R. nur die unmittelbar an der 
Sediment-Wasser-Grenzfläche anfallende Nahrung zu nut- 
zen vermögen. 


Die Korrelation Substrattyp-Diversität läßt sich bei den 
meisten Assoziationen feststellen, in einigen Fällen ist sıe al- 
lerdings nicht erkennbar. So besitzen die Epistreptophyl- 
lum-Ampullospira- Assoziation und Korallenbiostrom K,, in 
welchen zahlreiche Endobenthonten ein relativ weiches Sub- 
strat indızieren, relativ hohe D-Werte (D=9,7; 8,0), wäh- 
rend andererseits die Bakevelliide AB-Phcatula virgulina- 
und die /sognomon lusitanicus-Bakevelliide AB-Assoziation 
sandiger und komponentenreicher, stabiler Sedimente eine 
niedrige Diversität aufweisen. Auch die erheblichen Diversi- 
tätsunterschiede der Weichbodengemeinschaften, die sich in 
den Rarefactionkurven abzeichnen (Abb. 24), können nicht 
allein auf das Substrat zurückgeführt werden, da zwischen 
den Sedimenten der einzelnen Assoziationen nur unbedeu- 
tende Korngrößendifferenzen bestehen. 


Von den anderen Ökofaktoren, die in randlich marinen Mı- 
lieus die Fauna kontrollieren, zählen Temperatur, Sauerstoff- 
gehalt und Nahrungsangebot zu den wichtigsten; ihr Einfluß 
ist jedoch nicht unmittelbar nachzuweisen. Aus der Sedimen- 
tologie und dem Charakter der Korallenfauna, die in den 


Consolagäo-Schichten für eine maximale Wassertiefe von 
etwa 30 bis 35 Meter sprechen, sind zumindest größere, 
durch die Wassertiefe bedingte Temperaturunterschiede un- 
wahrscheinlich. Aus dem gleichmäßigen warmen Klıma des 
Oberjuras (Arkeıı 1956, HaLıam 1975) ergeben sich ebenfalls 
keine Hinweise auf bedeutenderen Einfluß der Temperatur 
auf die Fauna. Die Nahrungsproduktion ist in küstennahen 
Biotopen vor allem in der Nähe einmündender Flüsse beson- 
ders hoch (Barnes 1980). Auch Sauerstoff dürfte ausreichend 
vorhanden gewesen sein und keine Beeinträchtigung des Ben- 
thoslebens bewirkt haben. Darauf lassen Epi- und Endofau- 
na, Ichnofauna und das Fehlen laminierter, an organischen 
Substanzen reicher Lagen schließen. In einigen Gesteinshori- 
zonten, die von der rezenten Meereserosion und der Verwit- 
terung noch nicht tiefgründig erfaßt sind und im Kern noch 
die ursprüngliche blaugraue Gesteinsfarbe zeigen, findet sich 
feinst verteilter Pyrit, der in oxidierter Form auch für die 
gelblichbraune Farbe des angewitterten Gesteins verantwort- 
lich ist. Pyrit entsteht allgemein unter reduzierenden Bedin- 
gungen in anorganischem Milieu (FUCHTBAUER & MÜLLER 
1977). Die pyritführenden Horizonte sind allerdings durch 
eine besonders hohe Faunendiversität gekennzeichnet (Ko- 
rallenbiostrome), so daß die Bildung des Pyrits erst nach dem 
Absterben der Faunengemeinschaften im Sediment erfolgt 
sein kann und nicht auf eine Sauerstoffarmut an der Sedi- 
ment-Wasser-Grenzfläche hinweist. Für die feinkörnigen Se- 
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Rarefaction - Kurven 
der epibenthonischen Faunengemeinschaften 
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Abb. 23: Rarefactionkurven der Epibenthos-Assoziationen. Die höchste Diversität besitzen die Koral- 
lenbiostrome. n,, = Zahl der Arten, n;„a = Zahl der Individuen in den Proben. K = Korallenbiostrome, B-P 
= Bakevelliide AB-Plicatula; Pt-P = Pteroperna-Placophyllia, E-A = Epistreptophylium-Ampullina, B = 
Bakevelliide A, T-N = Trichites-Nanogyra, I-B = Isognomon-Bakevelliide AB, P-L = Placunopsis-Lycet- 
tia, L-P = Lycettia-Placunopsis, L-A = Lycettia-Arcomytilus 
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Abb. 24: Rarefactionkurven der Endobenthos-Assoziationen. Die höchste Diversität besitzt die Corbu- 
lomima-Mesosaccella- Assoziation. nsp = Zahl der Arten, n;na = Zahl der Individuen. C-M = Corbulomi- 
ma-Mesosaccella, T-C = Thracia-Corbulomima, E-N = Eomiodon-?Neomiodon, N = ?Neomiodon, 
T = Thracia, J = Jurassicorbula, V = Valvata- Assemblage 


dimente der Weichbodengemeinschaften, die im allgemeinen 
reich an organischen Substanzen sind und infolgedessen meist 
etwas an Sauerstoff untersättigt sind, zeigt die Fauna eine aus- 
reichende Durchlüftung an. Zudem dürfte für Schlammbe- 
wohner, die im allgemeinen ein geringes Sauerstoffbedürfnis 
besitzen (Jarckeı 1952), ein dem Ablagerungsmilieu entspre- 
chender mäßiger Sauerstoffaustausch keine wesentliche Be- 
einträchtigung gebracht haben. Die Abwesenheit tiefgraben- 
der Endobenthonten im Consolagäo-Profil (z. B. Pholado- 
mya) könnte allerdings durch Sauerstoffmangel in tieferen 
Sedimentabschnitten (unterhalb 10 cm) mit bedingt sein. 


In den Makrobenthosgemeinschaften sind gemeinhin als 
stenohalin geltende Gruppen äußerst selten. Insgesamt wur- 
den im Profil nur zwei Ammoniten und ein Belemnit gefun- 
den. Brachiopoden, Poriferen, Hydrozoen und die meisten 
Echinodermatengruppen sind nur mit jeweils wenigen Exem- 
plaren in Korallenbiostromen belegt. Dies macht deutlich, 
daß Salinitätsänderungen und Salinitätsschwankungen neben 
dem Substrattyp entscheidend die Faunenzusammensetzung 
und Diversität kontrolliert haben. In Abb. 25 und 26 sind die 
Salinitätsbereiche der Makrobenthos-Assoziationen aufge- 
führt. Die ermittelten Grenzen beruhen auf der kombinierten 
Auswertung aller zur Verfügung stehenden Daten der Mikro- 
fazies, Sedimentologie, Sedimentpetrographie, Makro-, Mi- 
kro- und Spurenfauna sowie der Flora. Mit einbezogen sind 
bereits bekannte oberjurassische Brackwasserfaunen (z. B. 
Huoson 1963 a,b, 1980, Huckrıepe 1967, Casey 1955, FÜR- 
sich 1981 a) sowie Ergebnisse rezenter Untersuchungen über 
den Einfluß der Salinität auf Struktur und Fauna (z. B. Re- 
MANE 1958, BOESCH 1977, JAECKEL 1952, 1964, 1965, MARAZA- 
NOF 1969, CASTAGNA & CHANLEY 1973). Die Toleranz rezenter 
Arten gegenüber Salzgehaltswechsel ist abhängig von anderen 
Parametern, z. B. Temperatur, Durchlichtung und Jahreszeit 
(CASTAGNA & CHANLEY 1973, BOEscH 1977) und schwankt 
deshalb teilweise erheblich. Ähnliches ist für die einzelnen 
fossilen Arten ebenfalls anzunehmen. Die aus zahlreichen Ar- 
ten zusammengesetzten Assoziationen dürften dagegen nur 
in einem bestimmten Salinitätsspektrum ihre Diversität und 
Struktur beibehalten haben, für die die angegebenen Grenz- 
werte als Näherungswerte anzusehen sind. 


Die Assoziationen sind in der Reihenfolge der gemittelten 
Werte des Diversitätsindex D (Abb. 21,22) aufgelistet. Um 
die Beziehung zwischen Salinität und Diversität deutlich 
werden zu lassen und eine Überlagerung anderer Ökofakto- 
ren (z. B. Substrattyp, Wasserenergie) auf ein Minimum zu 
reduzieren, sind die Abfolgen für Epibenthos (incl. Semi-In- 
fauna) und Endobenthos getrennt dargestellt. Unter den 
Endobenthos-Assoziationen ist die Valvata helicelloides- 
Gemeinschaft mit aufgeführt, da die planispirale Schnecke 
ausschließlich in den von Endobenthonten benutzten Sedi- 
menten und gelegentlich mit den Brackwasserfaunen zusam- 
men auftritt. Die Abbildungen zeigen zusätzlich die Ver- 
schiebung der prozentualen Anteile der drei Hauptgruppen- 
elemente Bivalven, Gastropoden und Korallen entlang des Sa- 
linitätsgradienten. Die Einteilung der Salinitätsskala ist dem 
Venedig-System entlehnt (Symposium on the Classification 
of Brackish Waters 1958). 


Die Assoziationen sind entlang eines Salinitätsgradienten 
aufgereiht, der vom Euhalinikum über das Brachy-, Meso- 
und Oligohalinikum bis in das Süßwasser reicht. Gemein- 
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schaften hypersalinarer Gewässer sind im Consolagäo-Profil 
nicht festzustellen. Die Epibenthosgemeinschaften stellen 
zwar die Mehrzahl der Assoziationen, nur wenige von ihnen 
dringen jedoch in Lebensbereiche des Meso- und Oligohali- 
nikums, also das eigentliche Brackwasser (REmaneE 1958) vor. 


Einige epifaunale Gemeinschaften sind in küstennahen fla- 
chen Schelfzonen, Buchten oder Lagunen anzusiedeln 
(Abb. 27), in denen die Salzgehalte nur geringfügig von nor- 
malmarinen Werten abweichen und gelegentlich im Eu- und 
oberen Brachyhalinikum schwanken (Korallenbiostrome, 
Epistreptophyllum-Ampullospira-Assoziation, Pteroperna- 
Placophyllia- Assoziation, Trichites-Nanogyra- Assoziation). 
Stärker schwankender Salinität dürften die Assoziationen der 
niedrig und mäßig energetischen Prodeltafazies ausgesetzt 
gewesen sein (/sognomon-Bakevellide-Assoziation, Bake- 
vellude-Plicatula- Assoziation, Lycettia-Arcomytilus- Asso- 
ziation). In ausgesüßten Brackwasserlagunen und Delta- 
frontbereichen finden sich die Lycettia/Placunopsis- Assozia- 
tionen. Die Entwicklung der Liostrea-Riffknospen fällt eben- 
falls in Phasen weitgehender Aussüßung. Der in Abb. 23 an- 
gefügte Abschnitt des Brachyhalinikums gilt für die artenrei- 
chere Anfangsphase der Liostrea-Gemeinschaft, in die auch 
Korallen einbezogen sind. 


Die Abfolge zeigt den generellen Trend einer mit abneh- 
mender Salinität parallel laufenden Diversitätsverminderung. 
Die Abnahme des Anteils der Korallen als empfindlichste der 
Hauptgruppenelemente zugunsten der Bivalven und Gastro- 
poden (Abb. 23) spiegelt die Korrelation zwischen Diversität 
und Salinität ebenfalls deutlich wider. In einigen Bereichen ist 
allerdings keine Stetigkeit in der Abfolge zu erkennen. 


Die Endobenthosgemeinschaften verteilen sich wesentlich 
gleichmäßiger über das gesamte Salinitätsspektrum und lassen 
im Vergleich zu den Epibenthosassoziationen eine noch deut- 
lichere Korrelation zwischen Diversitäts- und Salinitätsre- 
duktion entlang eines Milieugradienten von normalmarinen 
zu Brack- und Süßwasserbereichen erkennen. Wie die Epi- 
benthosfaunen weisen die Weichbodengemeinschaften des 
küstennahen Schelfs und des distalen Prodeltas (Corbulomi- 
ma-Mesosaccella- Assoziation, Thracia-Corbulomima- Asso- 
ziatıon) die höchste Diversität auf (D= 7,1; 7,0). Diese ver- 
mindert sich im proximalen Prodelta (Mesosaccella-Protocar- 
dia- Assoziation, D=6,7) und sinkt erheblich an der Delta- 
front (Thracıia- Assoziation; D = 1,8). Die niedrigste Diversi- 
tät besitzen die Gemeinschaften der Brackwasserlagunen 
(?Neomiodon- Assoziation, Jurassicorbula- Assoziation; D = 
1,5; 1,7). Von der stetigen Korrelation weicht die Eomio- 
don-?Neomiodon- Assoziation ab. Sie ist aufgrund der Arten- 
zusammensetzung und des sedimentären Milieus klar als 
Brackwassergemeinschaft zu erkennen, besitzt jedoch eine 
relativ hohe Diversität (D = 4,3). Von dieser Assoziation liegt 
nur eine statistische Probe vor, so daß nur wenige Rück- 
schlüsse auf die generelle Diversität dieser Gemeinschaft 
möglich sind. 


Ebenfalls abweichende Diversitätswerte weist die 
Valvata-Bivalve T-Assoziation auf, die mit einer typischen 
Brackwasserfauna einen für Korallenbiostrome üblichen 
D-Wert (D=8,0) erreicht. Da die Faunenerhaltung eine 
Vermischung durch Umlagerung ausschließt und Kondensa- 
tionseffekte in terrigen beeinflußten Bereichen mit hoher Se- 
dimentationsrate sehr unwahrscheinlich sind, ist eine in- 


Salinitätsbereiche der epibenthonischen Assoziationen 


D Assoziationen euhalin brachyhalin mesohalin loligo- 
halin 


Korallenbiostrom 2 


Korallenbiostrom 4 


Korallenbiostrom 3 


Pteroperna -Placophyllia - Ass 


Se) 


Korallenbiostrom 5 


2 
® 
[} 
Bakevelliide A - Plicatula - Ass. a 
5,1 3 
= 
Trichites - Nanogyra - Ass. >) 
[AU R fo * [95) 
Bakevelliide A - Ass 
Isognomon - Bakevelliide AB- Ass 
DET we 
Lycettia - Placunopsis - Ass. 
25: 
Placunopsis - Lycetlia - Ass 
ZaA: 
«2 
0,5 %o 


100% 


Korallen Gastropoden Bivalven 


Abb. 25: Beziehung zwischen Diversitätsindex D (evenness), Korallen-Bivalven-Gastropoden-Vertei- 
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Salinitäatsbereiche der Weichbodenassoziationen 
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Abb. 26: Beziehung zwischen Diversitätsindex D (evenness), Gastropoden-Bivalven-Verteilung und Sa- 
linitätsbereich der Weichboden-Assoziationen (incl. Valvata-Gemeinschaften). Die Assoziationen vertei- 
len sich gleichmäßig über das Salinitätsspektrum. Mit abnehmender Salinität nimmt die Diversität ab, der 
Anteil der Gastropoden zu. Die hohe Diversität der Valvata-Bivalve T-Assemblage beruht auf in-situ- 


Vermischung zweier Gemeinschaften. 


situ-Vermischung mehrerer Gemeinschaften anzunehmen. 
Als Ursache sınd rasche Salinitätswechsel denkbar, die zu ei- 
ner Kollaps-ähnlichen Auflösung bestehender Biozönosen 
und zu einem Nebeneinander von Arten aus mehreren ur- 
sprünglichen Gemeinschaften führten (vgl. Rorııns & Do- 
NAHUE 1975). 


Die Diversitätsabnahme entlang des Salinitätsgradienten 
von normal-marinen zu brackischen Gewässern läßt auf eine 
Verarmung salinitätsempfindlicher und zunehmende Domi- 
nanz salinitätstoleranter Arten schließen. Dies zeigen beson- 
ders die im Eu- und Brachyhalinikum auftretenden, von 
Corbulomima suprajurensis, Mesosaccella dammariensis und 
Thracia incerta dominierten Weichbodenassoziationen 
(Abb. 18). Sie unterscheiden sich im Gegensatz zu den Epi- 
benthosgemeinschaften des gleichen Salinitätsbereiches nur 
unwesentlich im Artenspektrum, lassen sich jedoch in Arten- 
verteilung und Diversität signifikant voneinander abtrennen. 
Entlang des Salinitätsgradienten nimmt die Artenzahl ab, 
wobei der Ausfall an Arten des Euhalinikums nicht durch 


speziell an brachyhaline Bedingungen angepaßte Arten aus- 
geglichen wird (Abb. 18). Gleichzeitig tritt Thracia incerta, 
die in der höher diversen Corbulomima-Mesosaccella- Asso- 
ziation eine unbedeutende Stelle am Ende des Trophic Nu- 
cleus besetzt, zunehmend in den Vordergrund und beherrscht 
in den Deltafrontsilten die Makrofauna mit etwa 80% Indivi- 
duenanteilen. Aus den zahlreichen Einzelproben gehthhervor, 
daß die wachsende Dominanz von Thracıa incerta nicht kon- 
tinuierlich verläuft, sondern sprunghaft und etappenweise. 


Die Weichbodenassoziationen setzen erstmals im Profil ın 
Niveaus ein, in denen benachbarte Sedimentfazies mehr oder 
weniger deutliche Milieuänderungen anzeigen (z. B. Glim- 
mersilte, Sturmlagen, erosive Sandsteinlinsen). Dies läßt 
vermuten, daß der Wechsel unter den Assoziationen ebenfalls 
auf eher kurzfristige und markante Milieuänderungen zu- 
rückgeht. 


Von den Arten der eu- und brachyhalinen Weichboden- 
Assoziationen dringen nur wenige in meso- und oligohaline 
Gewässer vor. In diesem Milieu herrschen die charakteristi- 
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schen Brackwasserformen vor, diese fehlen dagegen in den 
normalmarinen Bereichen. Die im Consolagäo-Profil er- 
kennbare Artenverschiebung innerhalb der Assoziation deckt 
sich mit den von Rezentuntersuchungen bekannten Artenab- 
folgen entlang von Salinitätsgradienten. Bei diesen werden 
stenohaline, euryhalin-marine, euryhalin-opportunistische 
und endemische Brackwasserarten unterschieden (BoEscH 
1977). Hierin spiegelt sich auch das Populationsverhalten 
(Opportunist — k-Stratege; vgl. Opum 1980) wider. 


Arbeiten, in denen (ober-)jurassische Faunen mit Salini- 
tätsverminderung und -schwankungen in Verbindung ge- 
bracht werden, enthalten meist nur allgemeine Angaben über 
die Verträglichkeit und Toleranz von Salzgehaltsschwankun- 
gen (z. B. Harıam 1976, HUckrIEDE 1967, Hupson 1963 a,b). 
Aus Tabelle 20 ist zusätzlich zu den Salinitätsbereichen, in 
denen die Arten im Consolagao-Profil auftreten, der Charak- 
ter bezüglich des Populationsverhaltens zu entnehmen. Die 
Salinitätsbandbreite gibt nur die Verbreitung der Art wieder 
und nicht die Toleranz. I.d.R. besitzen die einzelnen Arten 
eine höhere Toleranz gegenüber Aussüßung oder Übersal- 
zung. Insbesondere die Brackwasserorganismen vermögen 
durchaus unter normalmarinen oder hypersalinaren Bedin- 
gungen zu überleben (RemAane 1958, Krıstensen 1971). Die 
Abwesenheit dieser Elemente in eu- und brachyhalinen Ge- 
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meinschaften wird auf die Konkurrenz der in diesen Milieus 
dominierenden euryhalinen Arten zurückgeführt (BoEscH 
1977, Krıstensen 1971, WeLıs 1961). Nur wenige Bivalvenar- 
ten können als stenohalın (= euhaline Formen) betrachtet 
werden. Die meisten Consolagäo-Muscheln sind der Gruppe 
der euryhalin-marinen Arten zuzuordnen, die unterschied- 
lich weit in das Brachy- und Mesohalinikum vordringen, je- 
doch ihre Hauptverbreitung und Dominanz im Eu- und obe- 
ren Brachyhalinikum besitzen. Die euryhalinen Opportuni- 
sten zeichnen sich durch eine hohe Toleranzbreite aus und er- 
reichen in brachyhalinem und mesohalinem Milieu unter 
Ausschluß der euryhalinen-marinen Konkurrenten ihre 
größte Entfaltung (BoEscH 1977). Hierzu zählen vor allem 
Thracıa incerta, Lycettia sp. A, Placunopsis suprajurensıs, 
Isognomon Iusitanicus, Liostrea sp. A. Endemische Brack- 
wasserfaunen sind nur unter den endobenthonischen Bival- 
ven zu finden. Einige von ihnen bilden monospezifische As- 
soziationen. Der Grund für das Fehlen epibenthonischer 
Brackwasserelemente hängt vermutlich damit zusammen, 
daß Epibenthonten Salzgehaltsschwankungen voll ausgesetzt 
sind, während Endobenthonten vom umgebenden Sediment 
weitgehend geschützt werden. Zudem dürfte das Porenwas- 
ser nur allmählich Salinitätswechsel des Meerwassers nach- 
vollziehen. 


Tab. 20: Die Bivalven des Consolagäo-Profils und ihr Verhalten gegenüber der Salinität 


marin - stenohaline Formen (Euhalinikum): 


Parallelodon sp., Dianchora bicornis 


marin - euryhaline (Euhalinikum - Oberes Brachyhalinikum): 


Arca cruciata, Arca ficalhoi, Arcomytilus subpectinatus, Modiolus imbricatus, Trichites saussurei var. conso- 
lacionensis, Pteroperna sp. K/L, Rostroperna sp. A, Hinnites sp., Plicatula boischini, Myophorella murica- 
ta, Nicaniella cingulata, Nicanıella (Trautscholdia) supracorallina, Venericyprina sp., Mactromya concen- 
trıca, Capıllimya striata, Ceratomya excentrica, Pteroperna gessneri 


marin - euryhaline Formen (Euhalinikum - Unteres Brachyhalinikum): 


Mesosaccella dammarıensis, Arcomytilus morrisi, Pteroperna sp. M., Lopha solitarıa, Nanogyra nana, Plı- 
catula virgulina, Protocardia intexta, Protocardia pesolina, Protocardia sp. P, Corbulomima suprajurensıis, 


Isocyprina sp. 


marın — euryhaline Opportunisten (Euhalinikum - Mesohalinikum ?- Oligohalini- 
kum, in brachy- und mesohalinem Milieu individuenreich und dominierend): 


Isognomon lusitanicus, Bakevelliide A/AB, Thracıa incerta, Lycettia sp. A, Liostrea sp. A, Placunopsis su- 


prajurensis, Jurassicorbula edwardi 


endemische Brackwasserformen: 


?Neomiodon sp. A, Neomiodon nuculaeformis, Eomiodon sp. A, Corbula ınflexa, Myrene ssp. 


Die Tabelle 20 beruht im wesentlichen auf den Daten aus 
den Consolagäo-Schichten. Bezüglich der Salinitätstoleranz 
ergänzen sie die auf Gattungsniveau beschränkten Angaben 
Harrams (1976). 


Jurassicorbula edwardi erscheint im Consolagäo-Profil 
ausschließlich in extrem ausgesüßten Fazies in höheren Pro- 
filteilen südlich Forte Pai Mogo zwischen 620 und 640 m so- 
wie in einigen Aufschlüssen landeinwärts. Trotz dieser Ein- 
schränkung auf brackische Gewässer in den Consolagäo- 
Schichten wird sie aufgrund von Untersuchungen in anderen 
Bereichen des Lusitanischen Beckens in die Gruppe der eury- 
halinen Opportunisten gestellt (Tab. 20). Die Art tritt inner- 
halb der Santa-Cruz-Folge 20 km südlich Consolagäo sowohl 


dominierend in brackischen Faunen als auch untergeordnet in 
brachyhalinen Assoziationen auf (Fürsıch 1981a). Hiermit 
erweist sich Jurassicorbula edwardi eindeutig als euryhaliner 
Opportunist. Die Abwesenheit in eu- und brachyhalinen Fa- 
zies des Consolagäo-Profils beruht darauf, daß diese Art 
erstmals in den Pteroceriano-Schichten (= Oberkimmeridge) 
auftritt (vgl. FürsıcHh 1981b), zu dieser Zeit jedoch im Bereich 
Consolagäo keine normalmarınen Bedingungen mehr ent- 
wickelt sind. 


Für die übrigen Makrobenthoselemente sind nur wenige 
Angaben zum Grad der Euryhalinität möglich. Unter den 
Korallen dringen Ovalastrea michelini, Axosmilia div. sp., 
Cyathophora cesaredensis, Placophyllia minima und Tham- 
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nasteria gracilis in das Brachyhalin vor und sind als euryha- 
lin-marine Arten zu bezeichnen. Bis auf die Formen, die aus- 
schließlich in den Korallenbiostromen vorkommen, sind die 
Gastropoden insgesamt euryhalin. 

Zu den euryhalinen Opportunisten ist Nerinea sp.B und 
Procerithium sp. zu zählen. In den Brackwasserfaunen sind 
auch einige Gastropoden enthalten, die im allgemeinen dem 
Süßwasser zugerechnet werden (Valvata, Amplovalvata). Sie 
dürften aufgrund des Individuenreichtums auch oligohaline 
Gewässer aufgesucht haben. 


Verteilung der Faunengemeinschaften im Profil 


Die Vorkommen der marinen Makrobenthosgemeinschaf- 
ten beschränken sich auf die unteren 200 Profilmeter und auf 
einen höheren Abschnitt südlich Forte Pai Mogo zwischen 
580 und 640 m. Die Fauna charakterisiert diese Profilab- 
schnitte damit als marine oder zumindest marin beeinflußte 
Ablagerungsbereiche. In den übrigen Profilteilen sind Fossi- 
lien äußerst selten, sie bestehen ausschließlich aus Land- und 
Süßwasserelementen (Reptilknochen und -zähne, Süßwas- 
ser-Ostrakoden, Chara). Die in feinklastischen Sedimenten 
(Silte, Siltsteine) dieser Abschnitte häufigen Spuren des 
Scoyenia-Typs weisen ebenfalls auf festländisches Milieu hin. 


Die epifaunalen, semi-infaunalen und infaunalen Makro- 
benthosgemeinschaften treten ın den unteren 200 Metern re- 
lativ gleichmäßig verteilt auf. Lediglich in den Schichten un- 
terhalb der Korallenkalkserie am Fort von Consolagäo über- 
wiegen Endobenthos-Assoziationen. Zwischen 40 und 120 m 
wechseln Schichten mit Epibenthos und Endobenthos ständig 
ab. Nur in wenigen Fällen folgen zwei oder drei Endoben- 
thosgemeinschaften aufeinander (z. B. 52 m, 62 m, 78 m). 
Eine direkte Aufeinanderfolge zweier verschiedener Endo- 
benthosassoziationen wurde nicht beobachtet. Diese sind ge- 
nerell durch höher energetische, z. T. Epibenthos führende 
Lithofazies getrennt. Ab etwa 120 m nimmt die Zahl auto- 
chthoner Gemeinschaften insgesamt ab, die Zahl an Horizon- 
ten mit umgelagerten Faunen dagegen zu. 


Die Endobenthosgemeinschaften finden sich ausschließlich 
in feinkörnigen Ruhig-Wasser-Sedimenten. Das Epibenthos 
tritt dagegen bevorzugt in sandreichen Substraten auf, die hö- 
here Wasserenergie anzeigen. Der ständige Wechsel von Epi- 
und Endobenthosgemeinschaften innerhalb des Profils spie- 
gelt deshalb wechselnde und länger andauernde Perioden 
niedriger und erhöhter Wasserbewegung wider. Das unter- 
schiedliche Energieniveau läßt sich zwar allgemein auch aus 
der Korngröße des Sediments ablesen; die Anwesenheit auto- 
chthoner Faunengemeinschaften mit oft über Generationen 
und Jahre angehäuften Schalenresten erlaubt jedoch bessere 
Angaben über die Dauer und Stabilität der Biotopbedingun- 
gen. 


Die Häufigkeit der Endobenthosgemeinschaften am Pro- 
filbeginn und die Zunahme epibenthonischer Gemeinschaf- 
ten ab 40 Meter läßt auf eine leichte Verschiebung des 
Gesamtenergieindex zu etwas höherer Wasserbewegung 
schließen. Die spezifische Zusammensetzung der Korallen- 
fauna in den Basisschichten und die mit ihnen vorkommenden 
Schwammspiculae deuten etwas größere Wassertiefe an als beı 
den übrigen Korallenbiostromen. Andererseits finden sich 
unterhalb der Knollenkalkserie Fossilvergesellschaftungen 
mit Umlagerungscharakter und ein Sandsteinhorizont, die 


beide nur in flachem Wasser entstanden sein können. Die 
Häufigkeit von Ruhig-Wasser-Sedimenten mit Endobenthos 
an der Profilbasis dürfte deshalb weniger auf eine größere 
Wassertiefe als auf eine an geschützten Biotopen reichen pa- 
läogeographischen Konstellation zurückgehen. 


Eine wesentlich aussagekräftigere Verteilung zeigt die nach 
Epibenthos und Endobenthos getrennte Betrachtung der 
Reihenfolge der Assoziationen. Jede der Endobenthosge- 
meinschaften tritt nur in einem bestimmten Profilabschnitt 
auf. Es folgt hierbei auf eine höher diverse Gemeinschaft stets 
eine mit geringerer Diversität. So kommt die Corbulomi- 
ma-Mesosaccella- Assoziation in den unteren 40 m vor, die 
Thracia-Corbulomima- Assoziation zwischen 40 und 75 m, 
die Mesosaccella-Protocardia-Assoziation zwischen 75 und 
90 m und die Thracia- Assoziation zwischen 100 und 120 m. 
Den Abschluß dieser Reihenfolge bildet die ?Neomiodon- As- 
soziation zwischen 140 und 200 m. Berücksichtigt man, daß 
die Assoziationen in dieser Reihenfolge entlang eines Salini- 
täts- und Milieugradienten mit zunehmenden Streßbedin- 
gungen aufgereiht sind, spiegelt die Abfolge im Profil eine in 
einer Richtung verlaufende Regression wider (Abb. 28). 


In der Reihenfolge der Epibenthosgemeinschaften ist die 
regressive Entwicklung nicht so detailliert wiedergegeben. 
Die Dominanz der Korallenbiostrome in den unteren 80 Me- 
tern und die Zunahme der euryhalinen Pteriaceen- und Lycet- 
tia/Placunopsis- Assoziationen oberhalb 80 Meter läßt die 
Regression jedoch deutlich erkennen. 


Bei Mikrofauna und -flora wird der in einer Richtung weı- 
sende Regressionstrend ebenfalls sichtbar, wenngleich nicht 
mit der Abstufung wie bei den Endobenthos-Assoziationen. 
In den unteren 120 Metern herrschen lituolide Foraminiferen 
vor, darüber folgen in den Brackwasserbiotopen von Östra- 
koden dominierte Mikrofaunen. 


Die Lituoliden zeigen hierbei eine Verschiebung des Arten- 
spektrums und der Individuenhäufigkeit (vgl. Abb. 3). Da 
für diese Foraminiferengruppe das stratigraphische Auftreten 
im Oberjura und die autökologischen Beziehungen noch 
nicht ausreichend bekannt sind, ist die Ursache für die Ver- 
schiebungen innerhalb des Consolagäo-Profils nicht eindeu- 
tig erkennbar. Aufgrund des Vergleichs mit der Makroben- 
thosabfolge und der lithofaziellen Entwicklung ist zu vermu- 
ten, daß die Änderungen innerhalb der Mikrofauna sowohl 
durch den Zeitfaktor als auch durch Milieuwechsel bedingt 
sind. 


Die regressive Entwicklung findet ihren Ausdruck auch in 
der Ichnofazies. Häufigste Spurenfossilien der unteren Profil- 
teile sind Thalassinoides suevicus, Thalassinoides paradoxicus 
und Rhizocorallium irregulare. Sie zählen zu der Cruziana- 
Ichnofazies, die für flache Schelfbereiche typisch ist (SEILA- 
CHER 1967, Fürsıch 1981c). In den Abschnitten oberhalb 
110 m treten Diplocraterion habichi, Polykladichnus irregu- 
laris und Ophiomorpha sp. in Sanden hochenergetischer 
Flachwasserbereiche auf. Die Spurenfauna ist mit der Skoli- 
thos-Fazies (SEILACHER 1967) vergleichbar. Polykladichnus ir- 
regularis findet sich bis zur Basis des Sandsteinkomplexes bei 
200 m, der das Ende der marinen Entwicklung und die begin- 
nende Verlandung markiert. 


Die Assoziationen des Profilabschnitts zwischen 580 und 
640 m sind nur in wenigen, seitlich auskeilenden Horizonten 
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belegt und zeigen hierbei keine bestimmte Abfolge. Es han- 
delt sich ausschließlich um Brackwasserassoziationen, wobei 
der Grund für das Auftreten mehrerer unterschiedlicher As- 


soziationen nicht klar ist. Möglicherweise spiegeln die Fau- 
nenunterschiede eine Abfolge entlang eines Salinitätsgradien- 
ten innerhalb des Meso- und Oligohalinikums wider. 


4. ZUSAMMENFASSENDE ÜBERSICHT ÜBER DIE 
FAZIESENTWICKLUNG DES CONSOLACAÄO-PROFILS 


Die Basishorizonte werden von feinklastischen Sedimenten 
distaler Prodeltabereiche und mariner Buchten bestimmt, auf 
denen sich besonders Weichbodengemeinschaften entfalte- 
ten, seltener auch Korallenrasen und höher diverse Korallen- 
biostrome. Der Einfluß und die Nähe des Festlands machen 
sich in Sandsteinbänken (9 m, 14 m) und großen Holzresten 
bemerkbar. Der Abschnitt zwischen 15 und 35 m stellt eine 
Phase ständig niederenergetischer Sedimentationsbedingun- 
gen dar. In ruhigen Buchten und Lagunen lagerten sich bei 
weitgehend normalmariner Salinıtät die Knollenmergelkalke, 
siltigen Mikrite und Mergel ab, die Weichboden- und Semi- 
Infauna-Gemeinschaften die Besiedlung gestatteten. Die 
Mudstone-Abfolge wird lediglich durch eine dünne Grob- 
schuttlage, die Folge eines Sturmereignisses, unterbrochen 
27 m). 

Zwischen 35 und 80 m folgt ein Abschnitt, der vom Wech- 
sel ruhiger Lagunen und etwas höherenergetischer küstenna- 
her Schelf- und Prodeltabereiche geprägt ist. Unter optimalen 
Bedingungen entstand hier die Mehrzahl der höher diversen 
Korallenbiostrome, unter denen sich auch Elemente des offe- 
nen Meeres befinden. Andererseits wird — deutlicher als ın 
den basalen Profilteilen — der fluviatile Einfluß spürbar in 
kleinen coarsening-upward-Sequenzen und laminierten 
Glimmersilten, die wie einige Mergel dieses Abschnitts mit 
grünlicher und rötlicher Farbe Phasen verminderter Salıinıtät 
anzeigen. Offensichtlich waren diese Phasen allerdings in 
dem distalen Prodeltamilieu von kurzer Dauer und ließen 
keine Etablierung rein euryhaliner oder brackischer Faunen- 
gemeinschaften zu. 

Ab SO m zeigt sich eine Verlagerung des Sedimentations- 
regimes hin zu küstennahen Milieus mit zunehmendem Ein- 


fluß terrigener Klastika. Die meisten Gesteine tragen Prodel- 
ta-Charakter. Daneben finden sich Ooid- und Sandschwellen 
in etwas höherenergetischen Zonen. In diesem Abschnitt 
dominieren Epibenthosgemeinschaften geringerer Diversität, 
die den höheren Wasserenergien und den sich ständig ändern- 
den Sedimentationsbedingungen gut angepaßt waren. 


Zwischen 110 und 125 m bestimmen Deltafrontsilte und 
Deltaarmsande bzw. submarine Channelfüllungen den Pro- 
filcharakter. Die Sandsteine führen gelegentlich Ton- und 
Siltgerölle, die den Weg der Sandschüttungen durch lagunäre 
Brackwassermilieus nachzeichnen. 


Zwischen 125 und 155 m wechseln Delta- und Lagunen- 
sedimente ab. In diesen Bereich fallen auch grobkörnige Kü- 
sten- und Lagunenstrandbarren mit typischer Spurenverge- 
sellschaftung sowie ein lagunäres Austernriff. 


Ab 160 m herrschen wieder ruhigere Ablagerungsbedin- 
gungen in brackischen Lagunen vor, in die nur gelegentlich 
bei Sturmfluten marines Material eingespült wurde. Feinkör- 
nige Sandstrände trennten diese Lagunen vom offenen Meer 
ab (158 m, 170 m). 


Bei 200 m setzen fluviatil-terrestrische Sedimente ein, die 
bis zum Profilende bei Areıa Branca vorherrschende Fazies 
bleiben. Die Ablagerungen bildeten sich in mehr oder weni- 
ger mäandrierenden Flüssen und deren Überschwemmungs- 
gebieten, seltener in kleinen Süßwasserseen oder Marschge- 
bieten. Südlich Forte Pai Mogo (580-630 m) macht sich 
nochmals kurzfristiger mariner Einfluß in Form von Brack- 
wasserlagunen und Deltamilieus bemerkbar. Hierüber folgt 
erneut fluviatil-terrestrische Sedimentation. 


5.STELLUNG DES CONSOLACAÄO-PROFILS INNERHALB DES 
LUSITANISCHEN BECKENSUND’PALAOGEOGRAPHISCHE 
ENTWICKLUNG DES GEBIETES SÜDLICH PENICHE 


Der Beginn des oberen Jura ist im gesamten Lusitanischen 
Becken durch eine kurze, von Obercallov zum Unteroxford 
andauernde Emersionsphase gekennzeichnet (MOUTERDE et 
al. 1979). Während dieser Zeit findet eine weitgehende Nivel- 
lierung des Oberflächenreliefs statt. Ab dem mittleren Ox- 
ford führen Subsidenzbewegungen in mittleren und nörd- 
lichen Beckenabschnitten zunächst zu Marsch- und La- 
gunenbedingungen (Wirson 1975a, 1979), ım südlichen Be- 
reich dagegen rasch zur Ausbildung vollmariner Fazies mit 
Karbonatplattformsedimenten (MoUuTERDE et al. 1979). Die 
Subsidenz wird begleitet von Relativbewegungen zwischen 


aufsteigenden Horst- und absinkenden Grabenschollen, in 
die der herzynisch gefestigte kristalline Untergrund mit seiner 
mesozoischen Sedimentauflage zerstückelt ist (VanneY & 
Mousenor 1981). Regional treten Antiklinalstrukturen hin- 
zu, die auf die Mobilisation triassischer Salze zurückgehen. 
Aus den verschiedenen Bewegungen des Untergrundes resul- 
tiert eine komplizierte Verteilung kleinräumiger Becken-, 
Flachschelf-, Lagunen-, Delta- und Verlandungsgebiete, de- 
ren Sedimente meist durch eine Armut an stratigraphisch be- 
deutsamen Fossilien gekennzeichnet sind. Eine Parallelisie- 
rung zeitgleicher Ablagerungen unterschiedlicher Faziesaus- 


bildung ist deshalb vielfach nicht möglich. Die einzige bisher 
biostratigraphisch und lithofaziell genauer untersuchte Re- 
gion ist der Bereich Torres Vedras - Montejunto (Abb. 23), 
der als zentraler Teil des Lusitanischen Beckens mit erhöhten 
Subsidenzraten gilt und die Typlokalitäten der klassischen, 
auf CHorrar (1893, 1901) zurückgehenden Malmabfolge 
(Couches de Cabacos — C. de Montejunto — C. d’Abadia — 
Pterocerien — Freixialien) beherbergt. Die inzwischen modi- 
fizierte Abfolge (Mourerpe et al. 1973, vgl. Abb. 4) stellt die 
Standardfaziesfolge dar, zu der alle anderen Beckenprofile in 
Bezug gesetzt werden. 


Das Küstenprofil von Consolagao nimmt innerhalb des 
Beckens eine randliche Lage ein. Bereits seit langem vermutet 
man in den beiden Inselgruppen der Berlengas und Farilhöes, 
die der Küste vorgelagert sind und aus paläozoischen Glim- 
merschiefern und Gneisen (Farilhöes) bzw. oberkarboni- 
schen Graniten (Berlengas) bestehen (FREIRE DE ANDRADE 
1937, 1942, Prıem et al. 1965), die Reste eines kristallinen 
Festlands, welches das Lusitanische Becken während des obe- 
ren Jura nach Westen vom offenen Meer abtrennte (PArGA 
1969, Lorze 1945). Zum Beckenzentrum bildet heute die 
Kette der Diapire von Caldas da Rainha, Obidos, Bolhos, 
Vimeiro und Santa Cruz eine Barriere, die bereits im oberen 
Jura als solche zumindest stellenweise wirksam war (RuGET- 
PErROT 1961, TREsNIOwsKı 1958). 


Parallelisierung des Consolacäo-Profils mit ande- 
ren Beckenprofilen 


Bereich Consolagäo — Bolhos-Diapir — Caldas da Rainha- 
Diapır 

Die geologische Karte ‚‚Peniche‘ (CamARATE FrANGA et al. 
1960) weist eine große Verbreitung für die Abadia-Schichten 
zwischen der Küste und dem Bolhos-Diapir aus. In den weni- 
gen Aufschlüssen dieses Gebietes liegen meist rote Silte, Silt- 
steine und verschieden grobe Sandsteine vor, deren Entste- 
hung in fluviatil-terrestrischem Milieu anzunehmen ist. Eine 
den unteren marinen Consolagäo-Schichten entsprechende 
Fazies ist nicht erschlossen. Schichten mit marinen Faunen- 
elementen finden sich als wenige Dezimeter mächtige Ein- 
schaltungen der roten klastischen Serie an der Hauptstraße 
Lourinhä - Peniche südwestlich Atouguia da Baleia (unpubl. 
Daten) sowie in etwas größerer Mächtigkeit östlich Atouguia 
da Baleia. Hier sind wie an den unmittelbar an den Diapır an- 
grenzenden Malmschichten von Bufarda und Serra d’EI-Rei 
„Ober-Lusitan“-Schichten (= Äquivalente der Abadia- 
Schichten) mit siltig-sandigen Mergelkalken, Silten, Mergeln 
und Sandsteinen entwickelt. Die Fauna dieser Profile (s. Ca- 
MARATE FRANGA et al. 1960) weisen in Verbindung mit den 
häufig den Gesteinen beigemengten Lignit- und Glimmer- 
stückchen auf ein küstennahes, terrigen stark beeinflußtes 
Flachwassermilieu mit gelegentlichen Salzgehaltsschwan- 
kungen hin. 


Eine genauere stratigraphische Einordnung dieser Profile 
fehlt bisher. Nach CHorrFart (in CAMARATE FrANGA et al. 1960) 
sind die vorkommenden Arten charakteristisch für die Cou- 
chesä Lima pseudalternicosta, die CHOFFAT auch in stratigra- 
phischem Sinn verwendet hat (CHorrat 1885, 1901; RUGET- 
PERROT 1961, Tab. IV; s. Abb. 4). Die Faunenelemente die- 
ser Schichten kommen allerdings sowohl in Oxford als auch 
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im Kimmeridge vor und besitzen keinerlei stratigraphischen 
Wert (SEırerT 1963). Aufgrund der Fauna, der Lithofazies 
und der geologischen Gesamtsituation sind die Profile etwa 
mit den Prodelta- und Deltafrontsedimenten von Consolagäo 
(höheres Unterkimmeridge und Mittelkimmeridge, Profil- 
meter 80-120) zu parallelisieren. 


Östlich des Diapirs von Bolhos, im Profil Columbeira, 
weist das Kimmeridge eine andere Faziesentwicklung auf als 
an der Küste. Auf die Montejuntokalke, die in karbonatischer 
Flachwasserfazies hier bis in das unterste Kimmeridge reichen 
(Rucer-Perror 1961), folgen ca. 130 m mergelige und san- 
dige Horizonte mit teilweise stärker kalkiger und oolithischer 
(Onkoide und Ooide) Entwicklung. Die Sedimentation fährt 
mit einer mächtigen Kalkserie aus mikritischen und spariti- 
schen Onkoid- und Bioklastenkalken fort, die als hochener- 
getische Bildungen einer Karbonatplattform gedeutet und 
sowohl faziell als auch zeitlich dem Corallico d’Amaral 
gleichgesetzt werden (GoM&Ss in ZBYSZEWSKI & FERREIRA 1966, 
Wırson 1979). Die Kalkserie ist im Hangenden von zuneh- 
mend gröber klastischen Einschaltungen durchsetzt und geht 
schließlich in eine siliziklastische Folge über. Die dem Coral- 
lico gleichgesetzten Karbonatplattformsedimente entspre- 
chen zeitlich etwa den Prodelta- und Deltafront-, eventuell 
noch den Brackwasserlagunensedimenten des Consolagäo- 
Profils (80-150 m). Die Klastika von Consolacäo sind aus 
westlicher und nordwestlicher Richtung (Gebiet Berlengas 
und nördlich anschließender Schelf) abzuleiten. Da sowohl 
für die Ablagerungsbereiche von Consolagäo als auch Co- 
lumbeira geringe Wassertiefen zu fordern sind, läßt sich das 
Fehlen klastischer Beimengungen in den Plattformkalken von 
Columbeira nur durch eine abschirmende, submarine, teil- 
weise auftauchende Schwelle im Bereich des Bolhos-Diapirs 
erklären. Die Schwelle dürfte bereits im Unterkimmeridge in 
Form kleiner Inseln bestanden haben und an die Lourinha- 
Struktur (‚‚Campelas-structure“ sensu TREsnıowskı 1958) ge- 
bunden gewesen sein. Für die Existenz einer derartigen, für 
Klastika gelegentlich durchlässigen Schwelle sprechen Unter- 
schiede in der Faunenzusammensetzung der Alcobaga- 
Schichten (Bereich Alcobaga- Columbeira) und der Consola- 
gao-Schichten (unpubl. Ergebnisse Fuürsich & WERNER). Die 
Schwelle bildet gleichzeitig eine Abschirmung der relativ ru- 
higen Buchten und Lagunen von Consolagao gegenüber den 
höher energetischen Zonen in der Nähe des Diapirs. 


Die Parallelisierung der Consolagäo-Schichten mit den Ge- 
steinsfolgen entlang des Obidos- und Caldas da Rainha-Dia- 
pirs ist aufgrund der mangelnden biostratigraphischen Daten 
aus diesen Profilen mit großen Unsicherheiten behaftet. Im 
wesentlichen werden hier die bisherigen Einstufungen über- 
nommen (ZByszEwskı & MOITINHO DA ALMEIDA 1960, CAmA- 
RATE FRANCA & ZByszEwskı 1963, Wırson 1975a, 1979). Die 
Aktivität des Diapirs während des Oberjura ist aus Winkel- 
diskordanzen und Faziesunterschieden an den Diapirflanken 
ersichtlich (RuGET-PERROT 1961, TREsNIOwsKIı 1958, ZBys- 
zewskı 1959). Eine besonders deutliche Abweichung von der 
Entwicklung der anderen Beckenprofile weist die Serie bei 
S. Martinho do Porto auf, in der sowohl Montejunto- wie Al- 
cobaga-Schichten weitgehend durch fluviatil-terrestrische 
Sedimente mit kleinen marinen Einschaltungen ersetzt sind 
(Wırson 1975a, 1979). Wırson interpretiert die Serie als Del- 
ta-, Marsch- und Seewechselfolge. Die von Wırson (1979, 
Abb. 4) als „Abadia Beds“ bezeichnete terrigene Folge von 
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S. Martinho do Porto ist mit den unteren marinen Consola- 
cäo-Schichten (marine Buchten, Lagunen, Korallenbio- 
strome und Prodeltasilte) zeitlich zu parallelisieren. 


Am Top der Serie von $. Martinho do Porto folgt ein 
Komplex von Biomikriten, die Wilson (1975a, 1979) als 
Äquivalent des Corallico d’Amaral auffaßt. Für diesen Kom- 
plex steht eine stratigraphische Datierung noch aus; als Aqui- 
valente sind in Consolagäo-Profil die Abschnitte mit Pro- 
delta- und Deltafrontfazies zu vermuten (80-120 m). 


Bereich Lourinhä - Porto Novo — Vimeiro-Diapır 


Der südliche Muldenflügel setzt sich zwischen Porto Novo 
und Praia da Areia Branca aus einer ca. 500 m mächtigen 
Wechselfolge roter Silte, Silt- und Sandsteine zusammen, die 
von Wırson (1979) ım wesentlichen als fluviatil-terrestrische 
Bildungen (floodplain, crevasse, levee, channel) interpretiert 
werden. Ein etwa 80 m mächtiger Abschnitt im mittleren Teil 
dieser Folge mit mehreren Schillagen aus /sognomon rugosus 
und Eomiodon securiformis wird von Wırson ehemaligen 
Deltabereichen zugeordnet. Am Vimeiro-Diapir stehen in 
unmittelbarem Kontakt zu Dagorda-Mergeln graue, hell 
verwitternde Kalke mit teilweise reichlicher Onkoid- und 
Ooidführung an. Mit Nerinea, Diceras, Natıca, Korallen und 
Echinodermen (CHOFFAT in CAMARATE FRANGA et al. 1961, 
S. 15) sind sie als Bildungen einer flachen, terrigen kaum be- 
einflußten Karbonatschwelle oder -plattform zu deuten. Im 
Hangenden folgen auf diese Kalke westlich des Diapirs ge- 
ringmächtige Mergel, Mergelkalke und wenige Sandsteinein- 
schaltungen (unpubl. Daten). Die Mergel enthalten marine 
Weichbodenfauna, die Mergelkalklagen einige Austern (u. a. 
Lopha solitaria). An diese Wechselfolge schließen sich rote 
Silte und Sandsteine in der Fazies der bei Porto Novo an der 
Küste anstehenden Folge an. Der Übergang zwischen den 
Schichten am Diapir und den Küstenaufschlüssen ist durch 
Vegetation und Kultivierungen verdeckt. Abgesehen von 
kleineren, unbedeutenden Verwerfungen dürfte es sich um 
eine kontinuierliche Profilfolge zwischen dem Diapir und der 
Küste handeln. 


CAMARATE FRANGA etal. (1961) betrachten die fluviatil-ter- 
restrische Serie zwischen Porto Novo und Porto das Barcas 
einschließlich der Kalke bei Maceira als Äquivalente der Aba- 
dia-Schichten und damit als Unter- und Mittelkimmeridge- 
Sedimente. Nach Wırson (1979) reicht die terrestrische Serie 
bei Porto Novo dagegen bis an die Basis des Kimmeridge her- 
unter. Folglich wäre die Kalkfolge bei Maceira als Äquivalent 
der Montejunto-Kalke aufzufassen, denen sie lithofaziell sehr 
nahe steht (Wırson 1979, Fig. 7). Tresnıowski (1958) paralle- 
lisiert die Kalke aufgrund von Seismikmessungen mit dem 
Oberlusitan und damit mit den Abadia-Schichten. Eigene 
Aufsammlungen entlang der Straße von Maceira nach Porto 
Novo erbrachten aus den Mergeln am Top der hellen Kalke 
eine kleine Mikrofauna mit Everticyclammina virguliana, 
Rectocyclammina chouberti, Monoceratina sp., Asciocythere 
gr. sp. 2, Cytherella suprajurassica (die Bestimmung führte 
freundlicherweise H. M. RamaLHo durch). Die Fauna ent- 
hält keine stratigraphischen Leitformen; das Fehlen von A/- 
veosepta jaccardı und das Auftreten von Rectocyclammina 
chonberti — einer bisher vorwiegend aus Portland-Schichten 
von Portugal beschriebenen Form (RamaıHo 1971, Mou- 
TERDE et al. 1972) - lassen jedoch darauf schließen, daß die flu- 


viatil-terrestrische Serie im Hangenden der Kalke, damit auch 
die Folge nördlich von Porto Novo entlang der Küste nicht 
dem Unter- und Mittelkimmeridge, sondern bereits dem 
Oberkimmeridge zuzurechnen ist. In der Kalkschwellenfa- 
zies von Maceira sind Äquivalente des Unterkimmeridge und 
damit eines Teils der unteren marınen Prodelta-, Bucht- und 
Lagunenfazies von Consolagao zu sehen. Die Folge zwischen 
Porto Novo und Porto das Barcas ist im wesentlichen mit der 
zwischen S. Bernardino und Forte Pai Mogo aufgeschlosse- 
nen fluviatil-terrestrischen Serie zu parallelisieren. 


Die Fossilschillagen mit /sognomon rugosus und Eomio- 
don securiformis finden sich nicht nur bei Porto das Barcas, 
sie sind als lateral sehr beständige Horizonte länger bekannt 
(MempeL 1952a,b, LAPPARENT & Zeyszewskı 1957, SEIFERT 
1958, Wırson 1979) und lassen sich landeinwärts bis östlich 
der Lourinhä-Struktur, und zwar südlich der Ortschaft Ven- 
tosa nachweisen (unpubl. Daten). Die Fossilhorizonte sind 
der abwechselnd marın, brackisch und terrestrisch entwickel- 
ten Pteroceriano-Fazies zuzurechnen, die weiter südlich bei 
Santa Cruz ausführlich beschrieben ist (Fursıch 1981a). Wie 
bereits MEmpEL (1952a) feststellt, fehlen im Consolagäo-Profil 
die Isognomon rugosa- und Eomiodon securiformis-Hori- 
zonte. Sie werden südlich Forte Pai Mogo durch Brackwas- 
servergesellschaftungen (Eomiodon sp. A- und Jurassicor- 
bula edwardi-Assoziation) ersetzt. Aufgrund der Ostrako- 
denfauna bezeichnet HeıLmDacH (1971) den Pteroceriano- 
Komplex bei Porto das Barcas mit den /sognomon lusıtani- 
cus- und Eomiodon securiformis-Lagen als Cetacella arma- 
ta-Schichten. Die namengebende Ostrakodenart konnte so- 
wohl aus den Fossillagen südlich Forte Paı Mogo als auch aus 
Mergelproben mit brackischen Benthosvergesellschaftungen 
bei Santa Cruz gewonnen werden, so daß die fazielle und zeit- 
liche Parallelisierung der Fossilhorizonte der drei Profile als 
gesichert gelten kann. Das Ausbleiben mariner Pteroceria- 
no-Faunengemeinschaften im Consolacäo-Profil sowie die 
Mächtigkeitszunahme der Pteroceriano-Fazies von Nord 
nach Süd (südlich Forte Pai Mogo ca. 50 m; Porto das Barcas 
8s0O m (Wırson 1979, Abb. 7); Santa Cruz 120-130 m (WıLson 
1979, FursıcHh 1981a) zeigt eine Zunahme mariner Bedingun- 
gen im Süden bzw. einen entsprechenden Morphologie- 
gradienten in diese Richtung an. 


Aquivalente der unteren marinen Consolagäo-Schichten 
sind an der Küste noch bei Santa Cruz anzutreffen. Es liegt 
eine Mergel- und Sandstein-Wechselfolge in der für die Ge- 
gend von Torres Vedras typischen Abadia-Fazies vor. Der Se- 
rie ist ein maximal 50 m mächtiges polymiktes Konglomerat 
eingeschaltet, welches Kristallin- und Kalkgerölle bis zu 
17 mm Durchmesser enthält (Memrer 1952b, 1955, Wilson 
1979). Das Konglomerat ist als ‚‚proximal part ofasubmarine 
fan (but in a distal part of a channel)“ gedeutet (Wırson 1979, 
S. 69). Die Herkunft der Gerölle wird aufgrund der nach 
Osten abnehmenden Mächtigkeit und dem Fehlen entspre- 
chend grobklastischer Gesteine zwischen Torres Vedras und 
dem Montojunto von einem westlich gelegenen Kristallin- 
hochgebiet abgeleitet (Mempeı 1955, MOUTERDE et al. 1973, 
Wırson 1979). CHOFFAT (CHOFFAT 1893, CAMARATE FRANGA et 
al. 1961) beschreibt einige Ammoniten aus einer Kalkbank an 
der Basis der Abadia-Schichten von Santa Cruz, die Mou- 
TERDE et al. (1973) als charakteristische Formen des mittleren 
Kimmeridge aufführen (z. B. Progeronia ribeiroi, Progeronia 
pseudolictor). Falls die Ammoniten tatsächlich den basalen 
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Abb. 29: Übersichtskarte mit den im Text erwähnten Lokalitäten. Diapirstrukturen mit Raster. 


Teilen der Abadia-Schichten von Santa Cruz entstammen, 
entspräche die Folge zusammen mit dem „‚submarin fan‘ eher 
dem Mittelkimmeridge und damit den Marnes d’Abadia 
(sensu MOUTERDE et al. 1973) und nicht dem basalen Kimme- 
rıdge, wie Wilson vermutet. 


Neben dem Konglomerat von Santa Cruz finden sich zwi- 
schen Torres Vedras und dem Montejunto weitere konglome- 
ratische Lagen innerhalb der unteren Abadia-Schichten 
(= Cabrito-Sandsteinfolge sensu MOUTERDE et al. 1973), die 
neben Kristallin- auch Kalkgerölle führen (Memreı 1955). 
Nach MeEnmper stammen diese Gerölle von einem nordöstlich 
des Montejunto gelegenen Liefergebiet. MOUTERDE et al. 
(1973) leiten die Konglomerate dagegen von der westlichen 
Kristallinscholle ab, die auch für die Schüttung des Santa- 
Cruz-Konglomerates verantwortlich ist. Bemerkenswerter- 
weise fehlen vergleichbare Konglomeratbildungen innerhalb 
des Consolagäo-Profils. Südlich S. Bernardino führen einige 
Sandsteine innerhalb der fluviatil-terrestrischen Abfolge ei- 
nige kleinere Granitgerölle, die mit dem Berlenga-Granit fast 
identisch sind und von einem (nord-)westlich gelegenen Lie- 
fergebiet geschüttet wurden. 


Portugiesischer Schelf 


Von diesem Bereich liegen aus den letzten Jahren zahlrei- 
che Untersuchungen vor, die von VAnNEY & MOUGENOT 
(1981) zusammengefaßt wurden. Als einzige jurassische Ge- 
steine des Festlands lassen sich die Liaskalke und -dolomite 
von Peniche auf den Schelf weiterverfolgen. Sie streichen am 
Meeresboden bis zu den Berlengas-Inseln aus, an die sie mit 
einer steilfallenden Störungsfläche angrenzen (Bo1LLoT et al. 
1974, 1975). Daraus läßt sich entnehmen, daß zur Zeit des 
oberen Jura die für die kristallinen Klastıka des Consolagäo- 
Profils verantwortliche Kristallinscholle im Westen minde- 
stens ebenso weit von der heutigen Küste entfernt lag wie die 
Berlengas heute. Über die Ausdehnung des Festlands bzw. 
der verschiedenen Schollen geben die Kartierungen des 
Schelfs keine Aufschlüsse. Die als Jura oder undifferenziertes 
Mesozoikum kartierten Sande und sandigen Mergelkalke 
(BoıLLot et al. 1972, 1974, 1978, VannEY & MouGEnoT 1981) 
dürften Aufarbeitungsprodukte der Kristallinscholle(n) sein 
und erst im höheren Malm abgelagert worden sein. Die dem 
mittleren Jura zugerechneten Globigerinenkalke (Bo1LLoT et 
al. 1974) stammen aus Schelfzonen westlich einer Nord-Süd 
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Abb. 30: Faziesverteilung im Bereich der Diapirreihe zwischen Alcobaga und Santa Cruz während des 
Unterkimmeridge. Pfeile weisen auf Klastikaschüttungen hin. Lokalitäten (schwarze Punkte) wie Abb. 29. 


angelegten Störungslinie, auf der die Berlengas und weiter im 
Süden auf der Höhe von Lourinhä ein zweites kleines Granit- 
vorkommen liegen. Die Störungslinie dürfte die Lage der 
ehemaligen Kristallinscholle(n) und damit die westliche Be- 
grenzung des Lusitanischen Beckens widerspiegeln. 


Paläogeographische Entwicklung 


Die paläogeographische Konstellation südlich Peniche ist 
zur Zeit des Unterkimmeridge gekennzeichnet durch ein im 
Westen und Nordwesten gelegenes Kristallinhochgebiet 
(‚„„Berlengas“ und nördliche Fortsetzung), ein im Norden lie- 
gendes fluviatil-terrestrisches Ablagerungsgebiet (S. Mar- 
tinho do Porto) und eine im Bereich des heutigen Bolhos- 
Diapirs bestehende Schwellenzone mit Inselkette (Abb. 30). 
In dieser geschützten Lage entstanden feinklastische Innen- 
schelf-, Bucht- und Lagunensedimente. Der fluviatile Einfluß 
aus (Nord-)Westen macht sich in Prodeltasilten und gelegent- 
lichen Salinitätsschwankungen bemerkbar. Der mäßige Zu- 
strom terrigener Klastika weist auf eine relativ langsame Her- 
aushebung der westlichen Kristallinscholle und geringe Un- 
terschiede im Oberflächenrelief hin. Aus der Ablagerung rein 


kristallinen Materials ist zu schließen, daß zu dieser Zeit die 
ursprüngliche mesozoische Sedimentbedeckung der Kristal- 
linscholle bereits vollständig abgetragen ist. 


Östlich des Bolhos-Diapirs (Columbeira) setzen sich unter 
vollmarinen Bedingungen Mergel und oolithische Kalke ab. 
Eine fluviatile Beeinflussung ist erst weiter nördlich in den 
Alcobaga-Schichten (Barrio — Alcobaga) stärker ausgeprägt. 


Die Faziesentwicklung südlich Consolagäo in Richtung 
zum Beckenzentrum bei Torres Vedras ist aufgrund fehlender 
Aufschlüsse des Unterkimmeridge nicht bekannt. Im Bereich 
des Vimeiro-Diapirs ist eine Flachwasserkarbonatschwelle 
ausgebildet. Der Übergang zur tiefer gelegenen Beckenfazies 
bei Torres Vedras mit den Cabrito-Sandsteinen dürfte durch 
einen Schelfknick (slope break sensu Wırson 1979) markiert 
gewesen sein. 


Im höheren Unter- und Mittelkimmeridge (Abb. 31) 
schreitet der fluviatile Einfluß von Nord nach Süden fort, was 
sich in Prodelta-, Delta- und Lagunensedimenten äußert. Be- 
dingt durch die tektonische Heraushebung und/oder Aktivie- 
rung des Diapirs wird die Schwelle im Bereich Bolhos deutli- 
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Abb. 31: Faziesverteilung im Bereich der Diapirreihe zwischen Alcobaga und Santa Cruz während des 


Mittelkimmeridge. 


cher wirksam und schirmt die hochenergetische Onkoid- und 
Ooidfazies der Karbonatplattform von Columbeira gegen- 
über klastischen Einflüssen aus dem Westen (Berlengas, Con- 
solagäo) ab. Im Norden ($. Martinho do Porto, Salgados) 
führen Meeresspiegelschwankungen zu einem Wechsel von 
fluviatil-terrestrischen und marinen Fazies. Die Ammoni- 
ten-führende Kalkmergelfazies von Barrio (CAMARATE 
Franca & Zeyszewskı 1963, unpubl. Ergebnisse Fürsich & 
WERNER) deutet auf einen Zugang zum offenen Meer nach 
Westen, dader Weg für pelagische Organismen nach Süden in 
Richtung auf den zentralen Bereich des Lusitanischen Bek- 
kens (Bombarral-Becken, Montejunto) durch fluviatil-terre- 
strische Emersionsgebilde oder Flachstwassermilieu behin- 
dert ist. 


In die Zeit des Unterkimmeridge und Mittelkimmeridge 
fällt die Emersion einer Kristallinscholle westlich Santa Cruz, 
deren mesozoische Sedimentbedeckung zusammen mit Kri- 
stallinbestandteilen in ‚‚submarin fans‘ (Santa Cruz) in Rich- 
tung auf das rasch absinkende Zentrum (Torres Vedras) 
transportiert wurden (Meurer 1955, Wırson 1979). Im Zen- 


trum selbst sedimentieren während des Mittelkimmeridge die 
feinklastischen Abadia-Mergel (MoUTERrDE et al. 1973). 


Im unteren Oberkimmeridge wird der gesamte Abschnitt 
zwischen Consolagäo und Santa Cruz durch klastische Sedi- 
mentation mit roten floodplain-Silten und fluviatilen Sand- 
steinkomplexen bestimmt. Die bedeutende Mächtigkeit der 
klastischen Serie südlich Forte Pai Mogo, zwischen Porto 
Novo und Porto Dinheiro sowie beı Santa Cruz dürfte durch 
die großräumige Hebungstendenz (VANNEY & MOUGENOT 
1981) als auch durch stärkeres Absinken der randlichen Dia- 
pirbereiche verursacht worden sein. Der Scheitel des Vimei- 
ro-Diapirs (Maceira — Lourinhä) besitzt noch aufsteigende 
Tendenz, wie die geringe Mächtigkeit der klastischen Folge in 
diesem Bereich anzeigt (TrEsnıowskı 1958). 


Im höheren Oberkimmeridge (Abb. 32) dringt das Meer in 
Pteroceriano-Fazies mit mehreren kleinen Vorstößen von 
Süden (Santa Cruz) nach Norden vor und führt bei Porto das 
Barcas, Lourinha (Ventosa) zu marinen und brackischen 
Deltabedingungen, weiter nördlich bei Forte Pai Mogo dage- 
gen nur zu lagunären Brackwassermilieus. Es sind die letzten 
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Hinweise auf marine Beeinflussung im mittleren Beckenab- 


schnitt bis zur Jura-Kreide-Grenze. Auf die Brackwasserho- 
rizonte folgt die eintönige Wechselfolge fluviatil-terrestri- 
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scher Silte und Sandsteine der ‚‚Gres superieurs“, die zu un- 
terschiedlichen Zeitpunkten im höheren Kimmeridge zwi- 
schen Alcobaca und Lourinhä einsetzen (RisEiro et al. 1979). 
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Abb. 32: Faziesverteilung im Bereich der Diapirreihe zwischen Alcobaga und Santa Cruz während des 


höheren Oberkimmeridge. 
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Tafel 1 


Abb. 1: Blick auf das Fort von Consolagäo. Im Hintergrund die Silhouette von Peniche. Eine Störungsli- 
nie (Pfeile) verläuft vom Fort nach SE und trennt die ungestörte Profilfolge von der östlich gele- 
genen Schuppenzone ab. Aus dem Wasser ragen die Schichtköpfe siltiger Mikrite. Die Aufnahme 
entstand bei extrem niedrigem Ebbestand. 


Abb. 2: Profilabschnitt zwischen 60 und 70 m, südlich Consolagäo. Wechselfolge aus Korallenbio- 
strom-Bänken (ausstreichende Schichtfläche), Silten, Mergeln und Mergelkalken. Charakteri- 
stisch für den unteren Profilteil sind die gleichbleibende Bankdicke und das Einfallen der Schich- 
ten nach SSE. 


Abb. 3: Wechselfolge roter/grüner Silte und Sandsteine, interpretiert als flood plain deposits. 
Südlich Forte Pai Mogo. 


Abb. 4: Wechselfolge roter/grüner Silte und Sandsteine mit teilweise erosiver Basis, interpretiert als flood 
plain deposits und Flußrinnenfüllungen. Profilende bei Areia Branca. 
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Tafel 2 


Abschnitt an der Westspitze des Küstenvorsprungs von Consolagäo unterhalb des Forts. Die 
Knollenkalke im höheren Bereich heben sich deutlich von der normalen Kalkmergel-Silt/Mer- 
gel-Wechselfolge ab. 


Knollenkalk-Mergel-Wechsel unterhalb des Forts. Die knollige Struktur wird durch selektiv 
auswitternde Grabgänge von Thalassinoides und Rhizocorallium hervorgerufen. 


Profilabschnitt zwischen 80 und 110 m mit Silten, Mergeln, Glimmersilten und Sandsteinen, in- 
terpretiert als Prodeltafolge. 


Laminierte Glimmersilte, Mergel und z. T. erosiv übergreifende Sandsteine, interpretiert als Del- 
tafront und Deltaarm-Sedimente. Im unteren Bereich Slumping-Strukturen. Bei 112-115 m. 
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Tafel 3 


Durch synsedimentäre Biöturbation zerstörte Wechselfolge aus Mergeln und feinsandigen Silten. 
Deltafront. Bei 114 m. 


Austern-Patch-Riff. Die Riffknospen bestehen ausschließlich aus aufeinander aufgewachsenen 
Individuen der Auster Liostrea sp. A. Bei 136 m. 


Mittel- bis grobkörniger Sandstein mit Grobkies- und Fossilschuttlagen. An der Basis load casts 
infolge Einsinkens des Sands in wasserreiche Silte. Bei 140 m. 


Basis: lignitreicher, feinsandiger Mergel 

Mitte: kalkig gebundener Fein- bis Grobsandstein mit Trogschichtung. An der Basis der Schicht- 
blätter: Lignit und kleine Tongerölle. 

Top: sandiger Mergelkalk mit Bakevellide AB-Plicatula virgulina- Assoziation. Die Bakevellii- 
den-Individuen sind häufig zweiklappig erhalten. 

Prodelta- und Deltafront-Milieu, bei 96 m. 
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Tafel 4 


Fein- bis mittelkörniger Sandstein, kalkig gebunden, mit Trogschichtung und Großrippelflä- 
chen. An der Basis der Rippelflächen liegen plattgedrückte Ton- und Siltgerölle lagunären Ur- 
sprungs. Hohlräume ehemals mit Mergel verfüllt. Entstehung bei seitlicher Verlagerung von 
Deltaarmen. Bei 113 m. 

Die Tongerölle werden wegen der glatten Oberfläche bevorzugt von rezenten Balaniden und 
Napfschnecken besiedelt. 


Laminierte Silte mit feinsandigen Zwischenlagen. Bioturbation bevorzugt in Phasen der Fein- 
sandsedimentation. Deltafrontmilieu. Bei 112 m. 


Laminierte hellgrünliche Glimmersilte mit slumping Strukturen. Proximaler Prodeltabereich. 
Bei 90 m. 


= 
) 
> 
(.D} 
je} 
ae) 
B 
= 
E 
IS“ 
[63] 
2 
[- 4 
> 


Zitteliana, 13, 1986 


Abb. 


Abb. 


Abb. 


Abb. 
Abb. 


Tafel 5 


Onko-Oo-Mergelkalk, an der Basis feinsandiger Mergelkalk. Bei den auswitternden Komponen- 
ten handelt es sich überwiegend um Algen (Girvanella )-umkrustete (Bio-)Klasten. Bei 106 m. 


Feinsandstein, gut sortiert; an der Basis Rippelschichtung, darüber Horizontalschichtung. 
Strandbarre. Südlich Forte Pai Mogo. 


Feinsandstein mit horizontaler und leicht geneigter Schichtung. Die Schichtungsstrukturen sind 
durch diagenetisch entstandene, auf einzelne Schichtflächen beschränkte Pyritkonkretionen her- 
vorgehoben. Entstehung der Knollenstruktur (neben der Hammerspitze) ebenfalls während der 
Diagenese. Strandbarre (?äußerer Lagunenstrand). Bei 168 m. 


Lignit- und glimmerreicher sandiger Kalkmergel. ?Prodelta. Bei 75 m. 


Feinsandstein mit Horizontal- und Trogschichtung. Schichtung durch Pflanzenhäcksel hervor- 
gehoben. ?Küstenstrandbildung. Bei 158 m. 
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Tafel 6 


Fein- bis mittelkörniger Sandstein mit planarer Schrägschichtung. Schüttung von links nach 
rechts (= von Nord nach Süd). Flußrinnenablagerung (?point bar). Nördlich Forte Pai Mogo. 


Sandsteinkomplex mit kleinen fining-upward-Folgen. Korngröße fein- bis grobkörnig, gelegent- 
lich Granitgerölle bis3 cm. Granit entspricht dem Berlenga-Granit. An der Basis roter Siltstein. 
Entstehung fluviatil-terrestrisch. Strand südlich S. Bernardino. 


Climbing-Rippel in Silt-Feinsand-Wechsellagerung. Entstehung in fluviatilem Milieu (?point 
bar). Nördlich Forte Pai Mogo. 


Feinsandstein mit Rippelschichtung; fluviatil. Nördlich Forte Pai Mogo. 


Feinsandstein mit Rippelschichtung und Horizontalschichtung. Schichtflächen reich an Pflan- 
zenhäcksel. ?Strandbildung. Forte Pai Mogo. 


Feinsandstein mit aufgearbeiteten Fetzen schwach verfestigter grüner flood plain-Silte. Flußrin- 
nenfüllung. Profilende bei Areia Branca. 
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Tafel 7 


Korallenbiostrom mit ‚‚Calamophyllia“-Stöcken in Lebendstellung. Sandiger Kalkmergel. Bei 
6 m. 


Rostroperna sp.; vollständige rechte Schalenhälfte, Blick auf die Innenseite mit kräftigem Mus- 
kelabdruck und der für Isognomoniden typischen untergliederten Ligamentarea auf dem Flügel- 
fortsatz. Sandiger Mergel-Kalk, Korallenbiostrom. Bei 57 m. 


Schichtoberseite mit Nestern von Trichites saussurei var. consolacionensis. Siltiger Mikrit mit Li- 
gnitstückchen. Unterhalb Fort Consolagäo. Deckeldurchmesser 6 cm. 


Sandiger Mergelkalk mit mehreren Faunengemeinschaften. a: Nerinea sp. B-Lage; b: Ptero- 
perna sp. M-Schill, Bivalven meist zweiklappig; c: Pteroperna sp. M-Placophyllia minima- Asso- 
zıation; d: höher diverses Korallenbiostrom. Bei 61 m. 


Schichtoberseite von Abschnitt b aus Abb. 4 mit Pteroperna sp.M-Schill. 
Bakevelliide A-Schill. Grobsandiger Mergel. Bei 81 m. 


Schichtoberseite eines sandigen Kalkmergel mit einem von Austern umkrusteten Holzrest. Bei 
77 m. 


Zitteliana, 13, 1986 Tafel 7 


W. WERNER: Kimmeridge von Consolagao 


Abb. 


Abb. 
Abb. 
Abb. 
Abb. 


Abb. 
Abb. 


Abb. 


Tafel 8 


Kalkmergel-Schichtoberseite mit mehreren Generationen von Tbhalassinoides-Gangsystemen. 
Kleinere Gänge synsedimentär entstanden und mit Kalkmergel verfüllt. Größere Gänge erst nach 
Kalkmergelsedimentation entstanden und mit bioklastenreichem Schutt des Hangenden verfüllt. 


Thalassinoides suevicus. Schichtoberseite eines sandigen Mergelkalks. Bei 30 m. 
Thalassinoides suevicus. Schichtoberseite eines siltigen Kalkmergels. 
Rhizocorallium irregulare. Schichtoberseite eines Mergelkalks. Bei 70 m. 


Thalassinoides suevicus, zwei Größenklassen. Schichtoberseite eines lignitreichen Siltsteins. Bei 
111 m. 


?Zoophycos sp.-Spreitenbau, Freßbau. Schichtoberseite eines siltigen Kalkmergels. Bei 76 m. 


Diplocraterion habichi. Kalkıg gebundener Grobsandstein (Polykladichnus-Sandstein). Bei 
130 m. 


Ophiomorpha sp.; Fazies wie Abb. 7. 
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Tafel 9 


Schichtoberseite mit Gangöffnungen von Polykladichnus irregulare. Mittel- bis Grobsand- 
stein (Strandbildung). Bei 130 m. 


Polykladichnus irregulare. Fazies wie Abb. 1. Typisch für die Spur sind die z. T. mehrfach 
auftretenden Y-förmigen Verzweigungen. Im unteren Teil von Abb. 2 zusätzlich Ophiomor- 
pba sp. Die Gänge sind mit grüngrauem Silt verfüllt. 


Schichtoberseite mit paarigen Gangöffnungen von ?Diplocraterion sp.; horizontale Gänge 
von cf. Planolites sp. Grünlicher Siltstein. ?Deltafront. Bei 116 m. 


?Scoyenia sp.; vertikale Gänge in rotbraunem Siltstein. Küstennaher Verlandungsbereich. 
Südlich Forte Pai Mogo. 


Scoyenia sp. Schichtoberseite eines rötlichen feinsandigen Siltsteins (flood plain deposits). Sie 
ist die typische Spur der fluviatil-terrestrischen Serie zwischen 200 und 740 m. 


Scoyenia sp. Feinsandstein, Schichtoberseite. Südlich Forte Pai Mogo. 
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Abb. 1: Sandiger Mergelkalk mit vereinzelten Bivalven-Schalen. Ursprüngliche Lagerung durch Bio- 
turbation verändert. 


Abb. 2: „Calamophyllia“-Rasen in mikritischer Matrix. Neben den Korallenast-Querschnitten Schnitte 
durch Brachiopoden. Im unteren Bereich Bioturbation. Biogene z. T. von Algensäumen umge- 
ben. 


Abb. 3: Onkoid-Kalkmergel mit Girvanella minnta-Onkoiden und Calamoseris-Korallenstöckchen. 
Bei 47 m. 


Abb. 4: Konglomerat, schlecht sortiert, kalkig gebunden. Als Komponenten sind vorhanden: Siltsteine, 
Tonsteine, Knöllchen von Marinella Iugeoni. ?washover fan. Südlich Forte Pai Mogo. 


Sämtliche Stücke sind polierte Anschliffe und in Originalgröße und orientiert (Pfeil zeigt zum Top) abgebil- 


det. 
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Tafel 11 


Foraminiferen-Biosparit. Größere Formen: Alveosepta jaccardi. Matrix: Mikrosparit. 
Profilbasis bei 1 m. X6. 


Siltiger Mikrit. Konkav-oben-Lage der Muschelschalen durch Bioturbation verursacht. Bei 
25 m. X6. 


„‚Calamophyllia“‘-Mikrit. Der Septenbau ist infolge weitgehender Sammelkristallisation nur un- 
deutlich zu erkennen. Die kalzitischen Bereiche in der Matrix gehen wahrscheinlich auf die Tätig- 
keit von Algen zurück. Bei 51 m. x8. 


Siltiger Mikrit. In Wühlgang liegt Gehäuse von Everticyclammina virguliana. Bei 30 m. x7. 


Siltig-sandiger Mergelkalk mit Korallenbiostrom. Die Bioklasten (‚‚Calamophyllia“-Ast, Sty- 
lina sp., Molluskenschalen) sind randlich mikritisiert oder von Girvanella-Krusten umgeben. 
Helle Splitter in der Matrix überwiegend Quarz. X7. 


Siltiger Biomikrit mit Korallenbiostrom. Helle Splitter in der Matrix überwiegend Kalkzitdertri- 
tus, selten Quarz. Anbohrung der Koralle durch lithophage Bivalven. Bohrloch mit geologischer 
Wasserwaage. X2,5. 


Bis auf Abb. 3 sind alle Schliffe orientiert. 
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Abb. 


Abb. 


Abb. 


Abb. 4: 


Abb. 


Abb. 
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Sandiger Mergelkalk mit Korallenbiostrom. Bioklasten liegen dicht gedrängt. Helle Splitter in der 
Matrix ausschließlich Quarz. x4. 


Kalkig gebundener Feinsandstein mit Nerinea sp. Substrat für epibenthonische Bakevelliiden- 
Faunengemeinschaft. x4 


Sandiger Mergelkalk mit thamnasteroider Koralle (cf. Thamnasteria gracilis ). Substrat für Bake- 
velliide AB-Assoziation. X4. 


Onkoid-Kalkmergel mit Bruchstück von Calamophylliopsis sp. Im unteren Teil ein Bivalvenrest 
mit einseitiger Inkrustierung (Girvanella sp., Bacınella irregularıs). x4. 


Onko-Oo-Sparit. Matrix als Mikrosparit entwickelt. Links unten: Holzrest. Ein Teil der Ooide 
zeigt noch Radialstruktur, ansonst sind die Rinden meist mikritisiert. Quarz tritt sowohl als 
Komponente als auch als Ooidkern auf. X 17. 


Sandiger Mergelkalk, schlecht sortiert. Helle Körner Quarz, vereinzelt Ooide. Substrat für /so- 
gnomon Iusitanicus- Assoziation. X17. 
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Tafel 13 


Laminierter Glimmersilt mıt Quarz und feinstem Pflanzenhäcksel. Größere Schichtmineralien 
sind schichtparallel angelagert. X 17. 


wie Abb. 1; mit Schrägschichtung im unteren Abschnitt. x4. 
Siltstein mit rundem Grabgang (?Chondrites). Lagunenfazies. X4. 


Konglomerat. Als Komponenten: Ton- und Siltsteine, Caliche-Krusten, Onkoide, Marinella 
lugeoni (Mitte unten). In einigen Siltsteinen: Schrumpfungsrisse. Helle Partien zwischen den 
Komponenten überwiegend mit Quarzkörnern gefüllt. Nur Zwickelbereiche sparitisch. Südlich 
Forte Pai Mogo. X6. 


wıe Abb. 4. x8. 


Schlecht sortiertes Konglomerat mit Komponenten ähnlich Abb. 5 u. 6, größere Komponente im 
unteren Bildabschnitt mit randlichen Schrumpfungsrissen. Ablagerungsbereich: Brackwasser- 
lagune, ?washover fan. Bei 170 m. x4. 
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Abb. 


Abb. 


Abb. 
Abb. 
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Abb. 
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Onkoid-Konglomerat, durch Ausschwemmung der feinkörnigen Matrix während eines 
Sturms kondensierte Girvanella minuta-Onkoide. Die Verformung einiger Onkoidrinden in- 
folge Auflast bzw. des Eigengewichts weist auf die geringe Verfestigung der Onkoide zur Zeit 
der Umlagerung hin. Einige bereits harte Onkoidkrusten sind dagegen zerbrochen. Die Reste 
der (?silig-mikrosparitischen) Matrix sind sekundär durch rezente Meereserosion aus den 
Zwischenräumen entfernt. X6. 


aus Abb. 1; Onkoide mit kalzitisch verheilten Rissen, die bei der Umlagerung und Kondensa- 
tion bereits verfestigter Onkoide entstanden. Rechter Bildteil: Eindringen eines Fragments 
eines harten Onkoids in ein noch wenig verfestigtes Onkoid. X25. 


wie Abb. 1; Onkoid mit lituolider Foraminifere als Kern. Schale randlich im Kontakt mit an- 
deren Komponenten durch Druck teilweise angelöst. X25. 


Schnitte durch isolierte Onkoide aus Onkoid-Mergel, bei 47 m. 
als Kern: cf. Nerinea sp.B; ın der Schale: Baccınella ırregularıs. X8. 


Girvanella minuta-Onkoid mit Echinodermen-Stachel als Kern. Neben Girvanella minnta 
findet sich Cayeuxia piae auf der Schale. Im Kern: Lithophaga-Bohrloch, sekundär von Ser- 
peln besiedelt. x4. 


wie Abb. 5. Auf den Schalen sog. grumose textures. X3. 
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Tafel 15 


Cayenxia piae, auf Onkoidschale. Onkoidmergel. X25. 
wie Abb. 1, x25. 


Girvanella minuta, in Onkoidschale. Die Cyanophycee ist der Hauptbildner der Consolagäo- 
Onkoide. © der Fäden: 7u. Onkoid-Kalkmergel. X63. 


wıe Abb. 3. x 160. 


Mikroproblematikum 7. Maschiges Gewebe zwischen Korallenästen von ‚,Calamophyllia“. Ma- 
schenweite bis 90u. Onkoid-Kalkmergel. X6. 


wie Abb. 5, x25. 


Mikroproblematikum 11. Aus Kalzitprismen aufgebautes fadenartiges Gebilde mit randlich in 
eine Richtung abzweigenden/abschuppenden Teilen. Meist in Onkoiden. Siltiger Mikrit und 
Onkoidmergelkalk. X63. 


Mikroproblematikum 8, sessil auf Onkoidschale. Länglich, röhrenförmige Kammern, seitlich 
gegeneinander versetzt, wachsen stets senkrecht zur Unterlage strahlig ab. ?Bryozoe. Röhren-®: 
20u. Onkoid-Kalkmergel. X63. 
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Abb. 1-5: 


Abb. 6: 


Abb. 7: 


Abb. 8-10: 


Tafel 16 


Mikroproblematikum 4. Auf Onkoidschalen inkrustierend. Aneinandergereihte, mehr oder 
weniger rundliche Kammern/Zellen unterschiedlicher Größe (0,20-0,50 mm). Zellwände aus 
bräunlich gelbem Kalzit, ?zweiteilig (Abb. 5). Wanddicke 12-20 u. Onkoid-Kalkmergel. 1: 
x1022:%253 35: x%63. 


?Mikroproblematikum 4. wie Abb. 1-5, jedoch mit länglichen Zellen. Onkoid-Kalkmergel. 
x63. 


Mikroproblematikum 1. Einzelne Kammern/Zellen mit perforierten Wänden und nicht per- 
forierter Basis. Kammerlänge 0,12 mm. Auf Onkoidschale inkrustierend, Onkoid-Kern im 
Bild unten. Onkoid-Mergel. Xx63. 


Mikroproblematikum 10. In Onkoiden bohrende Form. Mehrkammeriges, röhrenförmiges 
Gebilde mit größerer Anfangskammer. Bohrgänge zeigen stets mit der Spitze zum Onkoid- 
Kern und verlaufen schräg oder senkrecht zu den Onkoidschalen. Kammertrennwände meist 
konkav zum Onkoid-Kern. In Abb. 9 reicht der Bohrgang bis Kern (Molluskenschale). 
Onkoid-Mergel, alle Abb. x63. 


Zitteliana, 13, 1986 > 
Tafel 16 


W. WERNER: Kımmeridge von Consolagao 


Abb. 1-3: 


Abb. 4-6: 


Abb. 7: 


Abb. 8: 


Tafel 17 


Alge E. ?Codiacee. Algenschläuche mit großen, achsenparallel verlaufenden inneren Fäden 
(bis 204) und kleinen quer oder unregelmäßig ausgerichteten randlichen Fäden (7-10u). 
Schläuche insgesamt bis 0,50 mm lang. Siltiger Mikrit. 1: X8; 2: 25; 3: x63. 


Marinella lugeoni. Den Rand bilden gelegentlich größere helle Zellen, die zusammen mit Kon- 
zeptakel-ähnlichen Hohlräumen eine Zuordnung zu den Rotalgen wahrscheinlich machen. 
Onkoid-Kalkmergel. 4: X25; 5: X63; 6: X 163. 


?Porifere, auf Onkoidschale inkrustierend; darunter Mikroproblematikum 4; Bohrloch mit 
Mikrosparit verfüllt. Onkoid-Mergel. X20. 


sessile Foraminifere auf Bivalvenrest inkrustierend. Siltiger Mikrit. X63. 
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Abb. 1-3: Mikroproblematikum 9. Mehrzelliges Gebilde; Zellen greifen z. T. ineinander. Länge 
0,17-0,40 mm; Wanddicke 7-9u; Wandstruktur z. T. prismaartig (Abb. 2); auf Onkoid- 
Schalen, häufig auch in Hohlräumen (Bohrlöcher). Onkoid-Mergel. 1: X63; 2 u. 3: X160. 


Abb. 4-5: Querschnitt durch einen isolierten Grabgang von Thalassinoides suevicus. Siltiger Mergelkalk. 
Der Gang ist sekundär von Chondrites- Gängen durchsetzt. Im Inneren der Chondrites- Gänge 
befindet sich meist ein Kalzit-verfüllter Hohlraum. 

4: xX4;5:%8. 


Abb. 6-7: Alveoseptajaccardi, die charakteristische Foraminifere des tieferen Profilabschnitts. In die Ge- 
häusewände sind Ooide mit mikritisierten Rinden eingebaut. Onkoid-Mergelkalk. Beide Abb. 
x25. 


ao 


W. WERNER: Kimmeridge von Consolag 


Legende zur Beilage 


Sediment- 
strukturen 


Lithologie 


Korngröße ——e 


Ton 

Silt 

Mergel 
Kalkmergel 
Mergelkalk 
Sand 


Sandstein 


z. T. sparitischer Kalk 


: Profil Consolagäo 


Sedimentfarbe : schwarz : rötlich, bräunlich, violett; unterbrochene Li- 
nie : grünlich 


Faunenassoziationen 


siltiger Mergel mit Caliche-Konkretionen im höheren Teil; an der Basis 
mit Weichbodenassoziation 


feinsandiger Mergel mit Onkoidschutt 


sandig-mergeliger Kalk mit autochthonem Bivalvenschill 


Sandsteinkomplex mit erosiver Basis und Kornverfeinerung nach oben; 
im tieferen Teil Trogschichtung mit Geröllen an der Basis der Schicht- 
blätter, am Top planare Schrägschichtung; in der Mitte Siltlinse; 


Laminierte Ton-/Silt-Wechsellagerung; Laminierung am Top durch Bio- 
turbation gestört; gelegentlich Slumping-Strukturen; 


feinsandiger Mergelkalk, bioturbiert 


Ton, nach oben in tonigen Silt, siltigen Mergel und siltigen Kalkmergel 
übergehend. 


Assoziationen 

1 Korallen-Rasen 
höher diverse Korallenbiostrome 
“Calamophyllia’-Micropatch-Assemblage 
Epistreptophyllum — Ampullina 
Pteroperna — Placophyllia 
Isognomon — Bakevelliide 
Bakevelliide A 
Bakevelliide AB - Plicatula 
Trichites - Nanogyra 
Lycettia — Arcomytilus 
Placunopsis — Lycettia 
Lycettia — Placunopsis 
Liostrea — Riff 
Nerineen 
Corbulomima — Mesosaccella 
Thracıia - Corbulomima 
Mesosaccella — Protocardıa 
Thracia 
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horizontale Schichtung 


unregelmäßige Schichtung 
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= _2  planare Schrägschicht. 
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ra slumping 15 16 17 18 19 


I = Korallen; 2 = Bivalven; 3 = Gastropoden; 4 = Echinodermaten; 5 = Foraminiferen; 6 = Wirbeltier- 
reste;7 = Lignit, Pflanzenhäcksel; 8 = Pflanzenhäcksel-Lagen; 9 = Thalassinoides; 10 = Rhizocorallium; 
11 = Diplocraterion; 12 = Polykladichnus; 13 = Bioturbation allg.; 14 = Wurzelhorizont; 15 = Onkoide; 
16 = Ooide; 17 = Resedimente; 18 = Caliche-Konkretionen; 19 = aufgearbeitete = allochthone Faunen 
oder Komponenten 
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